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rOETT-FIETH  CONGRESS— SECOND  SESSION. 


The  foUoning  reeolutioo  was  agreed  to  b;  tbe  Senate  March  C, 
in  b;  tbe  Hoose  of  RepreeeatativeB  April  24, 1878 ; 

Bemlted  by  ikeSmaU{thi  Hoaie <if  B^reemlativts  ooncurrivii),  Tbat  tea  thoaKaod  five 
hundred  copies  of  the  Report  of  tho  Smitbgooiiui  Inatitutiou  for  tbe  year  Ii^7  be 
printed ;  ona  thonsond  copies  of  which  shall  be  for  the  use  of  the  lienatp,  tbtee  thou- 
SMid  copies  of  nbicfa  eball  be  for  the  nse  of  tbe  Honse  of  RepTCBeDtatives,  nod  six 
thonsiuid  five  hDDdr«d  copies  for  the  use  of  tbe  SmithsoDlaD  lastilDtloo :  Provided, 
Tbkt  tbe  aggregate  namber  of  pages  shall  not  exceed  five  hnndteit,  and  that  Ibere  be 
no  iUnstTations  except  those  furnished  by  the  SmittsoDiau  luslitution. 
April  25,  1878. 
Attest: 

GEO.  C.  GOKHAil. 

Secrelari/, 
By  W.  J.  SlcDONALD, 

Chief  Cla-k. 
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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


The  annual  report  of  the  Board  of  Regents  of  that  Institution  for  the  year 
1877. 


FEBitl'ARY  15,  197S.— Ordered  to  be  piiuted. 


SsarnaosiAN  Institutiom, 
^Yas}liltgto^l,  February  C,  1878. 
SiB:  la  belialf  of  tbo  Board  of  liegeuta,  I  have  ttio  honor  to  sabtuit 
to  the  Congress  of  the  United  States  tbe  auiiunl  report  of  the  operatioD?, ' 
espeDditores,  and  condition  of  the  Smithsnninti  Institution  for  the  year 
1877. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 
JOSEPH  HESKY, 
Secretary  Smithsonian  Tnslitufion. 
Hon.  W.  A.  Wheeleb, 

Fre$ide«t  of  the  Senate. 
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REPORT  OF  JOSEPH  HENRY.  SECRETARY,  FOR  THE  YEAR  1877. 


To  the  Board  of  Regents  of  the  Smithsonian  ZnxtUulion  : 

Gentlemen  :  I  have  the  honor  herewith  to  present  to  yon  a  report 
of  the  operations  and  condition  of  the  lustitntion,  intrasted  to  yoar  care 
by  the  Goveniroent  of  the  United  States,  for  the  year  1877. 

INTRODUCTION. 

Nothing  of  special  importance  has  occurred  during  tlie  past  year  to 
Tary  the  conditions  and  operations  of  the  establisbmeDt,  while  from  the 
folloTriog  report  I  think  it  will  be  evident  that  it  has  continued  faith- 
fully to  discharge  the  daties  assigned  it  by  the  Trill  of  the  founder,  as 
well  as  to  carry  out  the  directions  prescribed  by  Congress  in  the  act  of 
its  organization. 

In  the  last  report  a  fall  account  was  given  of  the  oiierations  of  the 
Institntion  in  connection  with  the  Centennial  Exhibition,  and  in  rela- 
tion to  this  the  Board  of  Regents  addresse<l  a  memorial  to  Congress,  ask- 
ing for  on  appropriation  of  $250,000  for  the  erection  of  a  new  building, 
principally  to  accommodate  the  articles  presented  by  foreign  governments 
to  the  National  Mnsenm  nnder  the  care  of  the  Institution.  A  bill  in 
favor  of  this  petition  was  presented  to  the  Senate  by  the  Hon,  Mr.  Mor- 
rill, of  Vermont,  which  passed  without  opposition.  It  failed,  however, 
to  pass  the  House  of  Gepresentatives,  although  a  majority  of  the  mem- 
bers approved  of  it,  because  it  could  not  be  brought  before  the  House 
without  a  two-thirds  vote  in  favor  of  its  consideration.  The  same 
bill  will  again  be  presented,  and  the  hope  is  confidently  entertained  that 
it  will  receive  the  approbation  of  Congress.  In  anticipation  of  this  re- 
sult a  plan  of  the  building  has  been  prepared  nnder  the  direction  of 
General  Meigs. 

In  the  two  preceding  reports  I  have  called  the  attention  of  the  Board 
of  Itf  gents  to  the  propriety  of  a  final  separation  of  the  Institution  from 
the  National  Museum,  and  nothing  has  occurred  during  the  past  year  to 
change  m;  opinion  on  this  point.  Although  I  do  not  urge  this  for  im- 
mediate action,  yet  I  think  it  should  be  kept  in  view,  and  the  proposi- 
tion at  a  favorable  time  presented  to  Congress.  Jly  reason  for  advocating 
this  proposition  is  that  Smithson  gave  his  own  name  to  the  establish- 
ment which  he  founded,  thereby  indicating  that  he  intended  it  as  a  monu- 
ment to  his  memory,  and  in  strict  regard  to  this  feature  of  his  will  his 
bequest  should  be  administered  separately  from  all  other  funds  and  the 
results  achieved  by  it,  accredited  to  his  name  alone.    The  Institntion, 
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tberetbre,  Bbould  tiot  bo  merged  in  any  establishment  of  tlie  goveruineut, 
bat  sboiild  stand  isulated,  free  to  the  uiiobstracted  observation  of  tbe 
wbolo  world,  keeping  in  per    tual  remembrance  tbe  will  of  its  fouDdei'. 

The  functions  of  the  Institution  and  the  Museum  are  entirely  differ- 
ent; those  of  tlie  lustitntiou  being — first,  to  enlarge  tbe  bounds  of 
human  thought  by  assisting  men  of  science  to  make  original  investi- 
gations in  all  branches  of  knoffledge,  to  publish  these  at  the  expense 
of  the  Smithson  fund,  and  to  present  copies  of  them  to  all  the  principal 
libraries  of  tbe  world;  second,  to  iustitutie  investigations  In  various 
branches  of  science  and  explorations  for  the  collection  of  specimens  in 
natnral  history  and  ethnology  to  be  distributed  to  museums  umi  other 
establishments;  third,  to  diffuse  knowledge  by  carrying  on  an  exteuded 
iuteruational  series  of  exchanges  by  which  tbe  aecounts  of  all  the  orig- 
inal researches  in  science,  the  educational  progress,  and  the  general 
advance  of  civilization  in  tbe  New  World  are  exchanged  for  t^iroilar 
works  of  the  Old  World.  ■  To  carry  out  this  plan  the  Institution  requires 
no  costly  building,  but  merely  accommodations  for  receiving  and  dis- 
tributing its  collections. 

Tbe  Museum,  on  the  other  band,  is  iutended  to  embrace  a  collec- 
tion of  specimens  of  nature  and  art  which  shall  exhibit  tbe  natural 
resources  and  industries  of  the  country,  or  to  present  at  one  view  tlie 
materials  essential  to  the  condition  of  high  civilization  which  esists  in 
the  different  States  of  the  American  Union ;  to  show  tbe  various  pro- 
cesses of  manufacture  which  bave  been  adopted  by  us,  as  well  as  those 
used  in  foreign  countries;  in  short,  to  form  a  great  educatioTial  eatah- 
lishment  by  means  of  whicb  tbe  inhabitants  of  our  own  country,  as  well 
as  those  of  foreign  lands  who  visit  our  shores,  may  be  informed  as  to 
tbe  means  which  exist  in  the  United  States  for  tbe  enjoyment  of  human 
life  in  tbe  present,  and  tbe  improvement  of  tbese  means  in  the  future. 

The  support  of  such  an  establishment  mast,  of  necessity,  be  derived 
from  Congress,  and  no  part  of  the  Income  of  tbe  Smitbson  fund  should 
be  devoted  to  this  purpose,  since  it  is  evident  from  tbe  will  of  Smitbson 
that  be  intended  bis  benefaction  for  the  good  of  mankind,  and  therefore 
all  expenditures  on  local  objects,  or  even  on  those  limited  to  tbe  United 
States,  are  not  in  conformity  with  the  intentions  of  the  donor.  A  very 
objectionable  result  of  tbe  present  connection  of  the  two  establishments 
is  the  necessity  for  the  Institution  to  appeal  to  Congress  annually  for  an 
appropriation  for  the  support  of  the  Museum,  whereby  the  Institution  is 
presented  to  tbe  world  as  a  suppliant  for  aid,  altbouji^b,  for  carrying  out 
the  legitimate  objects  of  the  bequest,  no  annual  appropriation  from  tbe 
public  Treasury  is  necessary. 

The  whole  of  tbe  Smithsonian  building  is  now  required  for  tbe  Xational 
Museum,and,ia  case  of  the  separation, a  new  building  shonld  be  provided 
for  the  accommodation  of  the  Institution;  and  when  the  financial  con- 
dition of  the  country  shall  be  better,  I  trust  the  sense  of  justice  of  the 
people  of  tbe  United  States  will  induce  Congress  to  restore  to  the  funds 
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of  SmilbsoD  at  least  n  part  of  tbe  $500,000  which  bare  bevn  espeudoil 
on  tbe  buildiug  from  tbe  income  of  ibo  Smithnoii  bequest.  1  koow  tUiit 
tbe  preseot  i»  a  very  uufavorable  time  for  jiresenting  tbid  propoaitiou  to 
CoDgress,  but  1  do  not  despair  of  its  being  favorably  received  hereafter. 

Among  the  minor  ioeidents  of  the  year  was  the  reception  of  a  tetter 
from  M.  de  la  Batut,  of  Belz,  France,  the  half-brother  of  the  nephew  of 
Suithson,  to  whom  be  bequeathed  his  property,  and  in  case  of  whose 
death  it  was  to  be  devoted  to  founding  the  Smithsonian  Institution. 
With  this  letter  was  a  miniature  likeness  of  James  Smlthson  and  another 
of  Colonel  Dickinson,  the  half-brotber  of  Smithsou,  which  were  offered 
for  sale  to  tbe  Institution,  and  were  finally  purchased  for  the  sum  of 
$100.  Accompanying  these  portraits  was  what  appeared  to  be  the 
origiual  draft  of  Smithsou'u  will,  slightly  differing  iu  one  particular 
fropi  that  previously  published  in  the  Smithsonian  report  for  1633,  and 
also  a  series  of  notes  addressed  to  Smithson  by  some  of  the  most  dib- 
tinguisbed  scientists  of  his  day.  Among  these  are  those  from  Oersted, 
Arago,  Biot,  Lester,  Tennant,  Klaproth,  and  others,  which  would  be 
highly  prized  by  collectors  of  autographs,  and  whicU  serve  to  show  tbr 
iDtimate  associatiou  of  Smithson  with  the  most  distinguished  cnltivatoi- 
of  science  at  tbe  beginning  of  the  present  ceutnry. 

There  are  now  in  the  Institution  three  likenesses  of  Smilhisuii,  one  .i 
small  full-length  picture,  which  wns  purchased  from  his  servant,  John 
Ftttall,  and  represents  bim  in  tbe  costume  of  a  student  iit  Oxford ; 
another,  a  small  medallion,  which  was  among  his  effects ;  and  tlie  third 
is  the  one  above  mentioned.  As  a  part  of  tbe  legacy  of  Suiilbson  there 
were  receive*!  a  small  library  and  several  large  trunks  filled  with  cloth- 
ing, some  articles  of  apparatus,  a  silver-plated  dinner  set,  two  small 
cabinets  of  minerals,  and  a  large  collection  of  palters,  iocludiug  corre 
spondence.  All  of  these,  except  the  library,  were  destroyed  in  the  fin- 
of  13G5.  The  effects  were,  however,  of  little  value,  except  as  mementos. 
Tbe  manuscripts  consisted  priucijially  of  private  letters  and  a  series  of 
sentences  arranged  according  to  the  letters  of  the  alphabet,  as  if  they 
were  intended  lor  »  philosophical  dictionary.  The  library,  which  is  still 
preserved,  consists  of  123  volumes  and  88  pamphlets,  and  is  preserved 
in  a  separate  case  in  the  Begents'  room  of  tbe  Institution. 

In  tbe  report  of  the  Institution  for  1853  I  gave  a  list  of  tbe  scientilic 
papers  of  Smithson  which  were  published  iu  the  Transactions  of  the 
Boyal  Society  of  London  and  in  scientific  periodicals.  Although  at  the 
present  day  there  is  nothing  in  these  papers  of  very  special  iuterest,  since 
the  facts  which  he  communicated  have  since  been  merged  in  the  general 
progress  of  science,  yet  it  might  be  well  to  republish  them  in  a  separate 
volume  as  au  illustration  of  the  character  of  the  founder  of  the  Institu- 
tion aud  to  mark  his  connection  with  tbe  science  of  bis  day. 

In  the  report  for  the  year  1876  an  account  was  accidentally  omitted 
of  the  decease  of  Fielding  B.  Meek,  an  esteemed  collaborator  of  this 
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Tostitutiou,  wUo  occupied  for  npward  of  twenty  years  a  room  in  tbe 
SmitbsoDiaD  building  and  assisted  withoat  salary  in  tbe  operatioua  of 
the  ostablisbmeat.  De  was  devoted  to  paleontology,  and  was  one  of  the 
piincipal  autboritiee  in  tbe  coantry  in  tbe  line  of  fossil  shells.  At  the 
time  of  liis  death  be  had  jtist  completed  a  large  volume  on  the  paleon- 
tology of  tbe  Upper  Missouri,  published  in  connection  with  Dr.  Hay- 
den's  surveys.  Ue  was  obbged  on  account  of  his  health  to  spend  bis 
winters  in  Florida,  but,  delaying  his  departure  too  long  and  unduly  exert- 
ing himself  the  day  before  he  intended  to  leave,  he  was  seized  with  a 
liemorrhage,and, after  an  illness  of  a  few  days,  died  on  the  Slst  December, 
1ST6.  He  was  born  in  the  city  of  Madison,  Ind.,  December  10, 1817,  and 
had  therefore  just  completed  his  fifty-ninth  year  at  the  time  of  Lis  death. 
Hisgraudparents  were  Irish  Presbyterians,  who  emigrated  to  this  country 
from  tbe  county  of  Armagh  about  the  year  17G8.  His  father  died  when 
be  was  but  three  years  old,  leaving  the  family  in  moderate  circnm stances. 
He  was  educated  in  tbe  public  schools  of  Madison.  His  attention  was 
early  attracted  to  the  fossil  shells  so  abundant  in  the  rocks  in  tbe  vi- 
cinity of  bis  home.  Arriving  at  tbe  age  of  manhood,  he  invested  the 
small  sum  received  from  his  father's  estate  in  mercantile  business,  but 
having  no  taste  for  that  occupation,  and  neglecting  it  to  pursue  his  stud- 
ies, a  failure  was  the  consequence.  He  then  devoted  himself  as  a  means 
of  livelihood  to  portrait-painting,  continuing  bis  scientific  studies,  espe- 
cially in  tbe  line  of  geology.  In  the  year  1848  he  was  associated  with 
David  Dale  Owen  in  the  geological  survey  of  Iowa  and  Minnesota,  and 
in  1852  became  an  assistant  to  Professor  Hall  in  the  preparation  of  the 
paleontology  of  the  State  of  New  York.  Under  the  direction  of  Profess- 
or Hall  he  explored  the  Bad  Lands  of  Nebraska,  and  collected  a  valuable 
series  of  fossils.  In  1SS8  he  came  to  Washington,  where  be  resided  con- 
tinuoasly  lo  the  time  of  his  death,  leaving  the  city  for  a  few  mouths  only 
from  time  to  time  while  engaged  in  studying  the  paleontology  of  Illinois, 
Ohio,  and  California,  and  later  in  Florida  during  the  winter  on  account 
of  his  health.  During  his  residence  in  tbe  Institution  he  gradually  lost 
his  bearing,  and  could  only  be  commuuicated  with  by  means  of  writing. 
He  gradually  withdrew  from  social  intercourse,  and  devoted  bis  life  ex- 
clusively to  the  prosecntion  of  science.  He  was  in  correspondence  with 
the  principal  investigators  of  tbe  world  in  the  line  of  paleoutology,  and 
although  scarcely  known  in  this  city  his  name  was  familiar  to  the  culti- 
vators of  geology  everywhere.  He  was  a  man  of  singular  truthfulness 
aud  critical  accuracy,  and  was  highly  esteemed  by  the  few  who  bad  tbe 
pleasure  of  his  acquaintance.  His  death  has  been  widely  aunounced  in 
all  tbe  scientific  journals  of  the  day,  but  no  relative  has  appeared  to 
claim  his  property.  As  secretary  of  tbe  Institution  with  which  he  had 
been  so  long  connected,  I  considered  it  my  duty  to  assume  the  office  of 
administrator,  audasayear  has  now  elapsed  since  the  time  of  his  decease 
I  am  about  to  make  a  report  of  tbe  condition  of  his  estate  to  the  or- 
phans' court  of  tbe  District  of  Columbia.    Tbe  final  disposition  of  his  • 
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property,  wliich  is  partly  iti  lands  in  Kansas,  cannot  be  dctcrmiDed  at 
present,  nml  if  not  claimed  by  bcirs  may  possibly  reqaire  tlie  action  of 
Congress. 

MEETING  OF  THE  lisTAHLISHMEtiT. 

TLe  law  of  Congress  organizing  tbe  SmittiBoninn  Intititiitiou  directs 
that  tbe  President  and  bis  Cabinet,  tbeCbief  Justice,  tbe  Commissioner 
of  Patents,  and  siicb  otber  persons  as  tbey  may  elect  honorary  member.s, 
may  bold  stated  and  special  meetings  for  inspecting  tbe  affairs  of  tbe 
lusiitntion,  and,  in  accordance  witb  tbis  provision,  a  meeting  of  Ibat 
body  was  liflld  on  tbe  5tb  of  May,  1877.  Tbero  were  present  tbe  Presi- 
dent of  the  United  States,  R.  B.  Ilaycs ;  tbe  Secretary  of  State,  W.  51. 
Evarts ;  the  Secretary  of  tbe  Treasury,  Jobn  Sberman ;  the  Secretary 
of  War,  George  W.  SlcCrary ;  the  Secretary  of  the  Interior,  Carl  Schurz; 
tbe  Attorney-General,  Charles  Uerens,  and  tbe  Postmaster-General,  D. 
M.  Key. 

Tbe  Secretary  of  tbe  Institution,  wbo  is  also  tbe  secretary  of  tbis  body, 
gave  a  foil  account  of  tbe  history,  operations,  and  state  of  tbe  finances 
of  tbe  Institution;  and,  after  listening  to  it  with  interested  attention,  tbe 
President,  on  behalf  of  the  meeting,  expressed  the  opinion  that  tbe  con- 
dition and  management  of  tbe  Institution  were  entirely  satisfactory,  and 
that  tbey  bad  no  improvement  to  suggest.  After  inspecting  tbe  build- 
ing, tbe  mnseum,  and  the  system  of  exchanges,  and  examining  the  pub 
lications,  tbe  meeting  adjourned  to  meet  on  tbe  1st  Tuesday  in  May,  187S. 

FINANCES. 
The  condition  of  tbe  funds  is  nearly  the  same  as  in  187C.  Tbe  only 
difference  is  a  diminution  in  tbe  marketable  value  of  the  Virginia  bonds 
^tiicb  bas  fallen  from  $42,000  to  $34,062.  This  decline  was  occasioned 
by  propositions  made  in  tbe  legislature  of  the  State  wbicb  were  tbougbt 
to  savor  of  repudiation,  but  those  propositions  bave  not  met  witb  fa- 
vorable consideration,  and  it  is  now  confidently  espected  that  tbe  bonds 
will  again  advance  in  value. 

Tbe  following  is  a  statement  of  the  condition  of  tbe  fnud  at  the  begin- 
ning of  the  year  1878 : 

The  amount  originally  received  as  the  bequest  of  James 
Smitbson,  of  England,  deposited  in  tbe  Treasury  of  tbe 
United  States  in  accordance  witb  the  act  of  Cougress  of 

August  10,  184G $515,100  00 

Tbe  residuary  legacy  of  Smitbson,  received  in  1865,  deiras- 
ited  in  the  Treasury  of  tbei  Uuited  States  io  accordance 
with  tbe  act  of  Congress  of  February  8,  1867 20,210  «3 

Total  bequest  of  Smitbson 541 ,  370  03 

Amount  deposited  in  tbe  Treasury  of  the  United  States, 
as  authorized  by  act  of  Congress  of  February  8, 1867, 
uerivcd  from  savings  of  income  and  increase  in  value  of 
investments    108,620  j37 
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Amount  received  as  tbe  beqaest  of  James  ElamUtoii,  of 
Carlisle,  Fa.,  February  24,1874 $1,000  00 

Tutal  nermnuent  Smitbsoii  faml  in  the  Treasury  of 
tbo  Uuitcil  States,  bearUii;  interest  at  G  jier  cent., 

payable  semi-anuually  ill  gold 051,000  00 

In  addition  to  tbe  above,  tbero  remains  of  the  estra  fund 
from  saviDf:^,  &c.,  in  Virginia  bonds  and  certificates,  viz: 
Consolidated  bonds,  §53,700 ;  deferred  certificates,  $29,- 
375.07;  fractional  certificate,  850.13;   total,  888,Ii*5.20, 

valued  January.  1878 34, 5(iJ  OU 

Cask  balance  in  United  States  Treasury  at  tbe  beginning 
of  the  year  1S78  for  cHncut  expenses lij,  083  00 

Total  Smitbson  funds  January  0, 1S7S" 8710,045  00 

The  receipts  during  the  year  1S77  were  840,007.02,  and  l!ie  expendi- 
tures $44,952.00,  leaving  a  balance  of  $4,054.72  to  be  added  to  tbe  bal- 
ance on  baud  at  tbo  begiuuiog  of  1S77. 

Tbe  interest  on  the  Virfjinia  bonds  received  during  tbo  year  was 
82,885.70,  realized  from  tbe  sale  of  coupons  amounting  to  $3,.j22. 

The  interest  ou  tbe  Hamilton  beqnest  of  $1,000  bas  been  received  to 
the  31st  December,  1877.  There  is  uow  a  balance  on  hand  of  interest 
amounting  to  800.17,  which  will  be  available  during  tbe  present  year  iu 
accordance  with  the  terms  of  the  bequest. 

BUtLDIKG. 

Atteutiou  having  been  specially  called  to  the  condition  of  the  public 
buildings  in  tiiis  city,  on  account  of  tbe  destruction  by  fire  of  part  of 
the  Patent  Office,  it  was  deemed  advisable  to  give  additional  security 
to  the  valuable  collections  deposited  in  tbe  Smithsonian  edifice.  The 
main  building,  which  contains  the  National  Museum,  is  entirety  fire- proof, 
but  the  connecting  ranges  and  the  two  wings  arc  not  so.  It  was  there, 
fore  highly  desirable  that  tbe  main  building  should  be  entirely  isolated 
from  tbe  ranges  and  wings.  For  this  purpose  the  large  windows  facin;; 
tbe  wings  were  bricked  up,  and  all  tbe  doorways  leading  from  tbe 
museum  into  the  ranges  either  bricked  up  or  fitted  with  iron  instead  of 
wooden  doors.  The  carpenter's  and  machinist's  shops  were  removed  to 
tbe  main  basement  aud  iuclosed  iu  brick  walls.  The  storage  rooms  were 
made  tire-proof  by  replacing  wooden  partitions  and  floors,  by  those  of 
brick.  In  the  high  central  tower  brick  partitions  have  been  constructed 
ou  the  stairways,  to  prevent  the  passage  of  fire  from  one  storj-  to  another, 

PUBLICATIONS. 

Tbo  publications  of  tbe  Institution  are  of  three  classes,  viz,  the  Co>'- 

TEiHUTioKs  TO  K110W1.BDGB,  the  Miscellaneous  Collections,  and 

*  Tbe  dato  at  which  the  i«ectl«nent  of  tbe  accoonts  for  1877  wtw  made. 
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Ibo  ANNUAL  Reports.  Tlic  first  coDsists of  inemoira  containing podtive 
Hdditious  to  science  resting  on  original  researcli,  and  wliich  are  generally 
tbe  result  of  investigationa  to  which  the  Institution  has,  Jo  eome  n-ay, 
rendered  assistance.  The  Miscellaneuus  Oollections  are  composed  of 
works;  intended  to  facilitate  tbe  study  of  various  brinches  of  natural  his- 
tory, iDeteorologyi  &c.,  and  are  priucipally  designed  to  indnco  indiridaals 
to  engage  in  these  studies  as  specialties.  The  Annual  Reports,  hesides 
iin  ucconnt  of  the  ogierations,  expeuditures,  and  condition  of  the  Insti- 
talion,  contain  translations  from  works  not  generally  accessihle  to  Amer- 
ican stuilents,  re|iorts  of  lectures,  extracts  from  correspondence,  &c. 

The  following  are  tiie  rules  nhiuh  have  been  adopted  for  the  distribu- 
tion of  the  several  publications  of  the  tnatitutiou : 

I.st.  They  are  presented  to  loanied  societies  of  tbe  first  class  which  in 
return  give  complete  series  of  their  publications  to  the  Institution. 

-d.  To  libraries  of  the  first  class  which  give  in  exchange  their  cata- 
losoes  and  other  pnblicatioDS,  or  an  cqnivaleut  from  their  duplicate 
volumes. 

at.  To  cilleges  of  the  first  class  wliich  furnish  catalogues  of  their 
libraries  nod  of  their  students,  and  all  other  publications  relative  to 
tlieir  organization  and  history. 

4th.  To  States  and  Territories,  provided  they  give  in  return  copies  of 
all  documents  published  under  their  authority. 

oth.  To  public  libraries  in  this  country,  containing  ISfiOO  volumes, 
especially  if  no  other  copies  are  given  in  the  same  place;  and  to  smaller 
libraries  where  a  large  district  would  be  otherwise  unsupplied. 

fith.  To  institutions  devoted  exclusively  to  the  promotion  of  particu- 
lar branches  of  knowledge  are  given  such  Smithsonian  publications  as 
relate  to  their  respective  objects. 

7th.  The  Annual  Reports  are  presented  to  the  meteorological  observ- 
ers, to  contributors  of  valuable  material  to  the  library  or  collections, 
and  to  persons  engaged  in  si)ecial  scientific  research. 

The  most  important  memoir  accepted  during  the  year  for  publication 
in  the  Smithsonian  Contributions  is  entitled  "Archielogical  and  Ethno- 
logical Researches  in  Central  and  South  America,  with  n  Detailed  Ac- 
coant  of  the  Sculptures  at  Santa  Lucia  Cosnmalwhuapa,"  by  Dr.  Habel, 
of  New  York.  This  gentleman,  having  an  ardent  desire  to  make  an  ex- 
ploration of  the  physical  geography  and  anthroiwlogy  of  Central  Amer- 
ica,  relinquished  his  medical  practice  in  1802,  and  commenced  a  tonr  of 
exploration  in  that  region.  In  the  course  of  seven  years  wbick  he  de- 
voted to  these  explorations  ho  made  collections  in  natural  history  and 
observations  in  meteorology,  topography,  geology,  and  archteology.  On 
arriving  at  Guatemala  ho  made  that  city  his  headquarters,  from  which 
four  excursions  were  undertaken. 

The  first  was  directed  to  an  unexplored  region  lying  north  of  Guate- 
mala, reported  to  be  inhabited  by  the  Lacandooes,  a  tribe  said  never  to 
have  been  subdued  by  Europeans.     On  the  route,  Dr.  Habel  beard  of 
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tbe  reinuius  of  two  cities  near  KabiunI,  one  of  wUicb,  tivelve  miles  from 
tbe  town,  be  visited.  These  ruins  occupy  tlie  summits  of  tbree  bills,  and 
some  of  the  edifices  are  tolerably  well  preservid.  The  most  couspicuous 
one  was  100  feet  long  by  30  feet  broad.  Its  floor  was  elevated  four  steps 
above  tbe  ground,  and  tbe  walls  left.  Btandiog  were  about  G  feet  high. 
It  seems  to  have  bad  four  eutrance-",  one  ou  each  side.  Ibe  iuterior 
space  was  IS  feet  broad  by  nearly  90  feet  long.  All  tbe  buildings  were 
constructed  of  thin  slabs  of  mica-gneiss  laid  in  conrses  like  bricks  and 
united  by  a  granular  kind  of  mortar.  Tbe  walls  had  been  plastered  out- 
side and  inside.  On  the  side  of  the  hill  were  found  arrow-beads  and 
spear-poiuts  of  obsidian  and  other  minerals. 

Arriving  at  Salinas  there  were  found  vestiges  of  tbe  ancient  popula- 
tion in  a  squared-stone  jiyrauiid,  heaps  of  broken  pottery,  &c.  A  vo- 
cabulary of  tbe  Egkscbi  language  was  collected.  After  waiting  a  month 
for  a  boat  to  convey  him  to  his  intended  destination,  he  was  obliged  to 
reliiiquisb  tbe  attempt  and  letnru  to  Guatemala. 

The  second  exploration  was  to  the  borders  of  Mexico,  and  ancient  luins 
were  visited  at  Uuequetenango,  Palyah,  and  Sayeap. 

Cn  tbe  third  excursion  the  sculptures  of  Copau,  in  Uniidiiras,  de- 
sciibed  by  Stephens  and  others,  were  visited.  Those  of  Guirigua  are 
of  great  archielogical  interest.  These  are  of  varions  sizes  and  shapes, 
the  tallest  being  of  columnar  form  about  25  feet  high,  while  others  do 
not  exceed  12  feet.  x\ll  of  tbem  have  four  sculptured  sides,  the  front 
and  rear  being  the  widest.  The  naiTow  sides  of  all  the  columnar  mou- 
olitbs  aie  covered  with  bieroglypbics  resembling  those  found  in  Copan. 

Tbe  fourth  excursiou  wasundertakento  visit  a  newly  discovered  series 
of  sculptures  at  Santa  Lucia  Uosumalbuapa,  the  description  of  which 
forms  Uie  principal  part  of  this  memoir.  On  the  way  to  this  place  very 
interesting  sculptures  were  found  ou  tbe  plain  near  tbe  Dacienda  los 
Tarros,  which  exhibit  fine  workmanship  and  represent  humau  figures 
in  high  relief-  They  are  5  feet  9  inches  high,  3  feet  7  inches  broad,  and 
1  foot  S  inches  deep,  standing  on  a  base  10  inches  high. 
.  Before  describing  tbe  objects  found  at  Santa  Lucia  tbe  author  gives 
an  account  of  some  other  expeditions.  Tbe  first  of  these  was  to  tbe  Re- 
public of  Honduras,  but  no  arch^ological  objects  were  observed.  Vocab- 
nlaries  aud  valuable  information,  however,  were  collected  from  various 
native  tribes. 

A  visit  was  also  made  to  Nicaragua,  where  a  scniplnrcd  figui-e  was 
seen  ou  the  corner-stone  of  a  house,  and  other  remains  were  found  in 
and  near  the  town.  A  grotesque  figure  was  observed  scnlptured  on  a 
rock,  formiug  tbe  bank  of  a  brook,  which  is  the  only  instance  of  sculp- 
ture found  by  the  doctor  on  rocks  tit  situ. 

A  visit  to  Costa  Itica  did  not  produce  any  results  of  interest.  The 
largest  field  for  arcbteological  discoveries  is  considered  by  Dr.  Habel  to 
be  found  in  Sau  Salvador,  and  an  account  is  given  of  several  sculptures 
and  mounds  ho  examined  there. 
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Leaving  Central  America,  Dr.  Hnbel  visited  parts  of  Colombia,  Ecua- 
dor, and  Peru,  which  be  found  rich  in  architectural  structures  erecteil 
by  the  ancient  iDbabitants.  Descriptions  and  measurements  of  some  of 
these  are  given  in  the  memoir. 

The  author,  however,  as  we  have  said,  devotes  the  principal  part  of 
this  work  to  a  description  of  the  monoliths  at  Santa  Lucia  Cosiimal- 
hnapa,  a  small  town  in  theDepartmentof  Esquintla,Dear  tbehasoof  the 
volcano  del  Fuego,  at  the  commencement  of  the  slope  wliicb  extends)  from 
themoaotaiD  range  to  the  Facillc  coast.  The  village  is  of  comparatively 
modern  origin  and  is  in  the  midst  of  an  extensive  orange-grove,  which 
jields  so  abundantly  that  tlie  fruit  is  almost  given  away,  and  the  great 
number  of  trees  is  acconnted  for  by  the  custom  prevailing  of  planting 
a  tree  by  each  head  of  a  family  at  the  birth  of  each  child.  A  short  time 
before  the  arrival  of  IJr.  Ilabel  in  the  country  the  monoliths  had  been 
discovered  by  a  man  who,  in  digging  a  field  to  prepare  the  ground  for 
planting  cotton,  came  npon  a  large  pile  of  stones  which,  on  e:£amiuatiou, 
were  fonnd  to  be  sculptured.  To  make  drawings  of  tht'se  was  no  easy 
task,  for  the  dirt  and  moss  attached  to  tbem  had  to  be  removed — a  very 
tedious  work.  To  secaro  true  copies  of  the  original!:,  strings  were 
stretchedovercachslab,six  inches  apart,  thus  dividing  them  into  squares. 
The  eketch-book  was  ruled  in  squaresof  half  an  inch,  aud  in  each  of  these 
a  copy  of  a  square  of  the  slab  was  drawn,  making  the  drawings  all  one- 
twelfth  the  linear  size  of  the  original.  The  slabs  form  an  extended  heap, 
renderio;;  it  probable  that  there  are  others  hiilileu  from  view  which 
farther  researches  would  reveal.  All  the  sculptures  are  in  low  relief, 
nearly  all  being  in  cava  relievo;  that  is,  surrounded  by  a  raised  border. 
In  seven  instances  the  sculpture  represents,  according  to  the  author,  a 
persou  adoring  a  deity  of  a  difi'ereot  mythological  conception  in  each 
case.  One  of  these  seems  to  represent  the  sun,  another  the  moon,  while 
the  character  of  the  others  it  is  impossible  to  deQue.  These  deities  are 
represented  by  a  human  figure,  of  which  the  head,  arms,  and  breast  are 
correctlj'  portrayed.  Four  of  the  other  sculptures  represent  allegorical 
subjects.  The  stones  on  which  the  low  reliefs  are  sculptured  came  from 
the  volcano  of  Ocatenango,  and  most  of  them  are  13  feet  in  length,  3  feet 
in  width,  and  2  feet  in  thickness.  !Nine  feet  of  the  upper  part  of  these 
stonea  are  occupied  by  sculptures,  white  the  lower  3  feot  appear  to  have 
served  as  a  base.  Very  minute  descriptions  are  given  of  each  of  these 
sculptures,  and  au  attempt  is  made  by  the  author  to  explain  the  signifi- 
cance of  all  the  emblems,  ornaments,  figures,  &c.,  forming  the  design 
ou  each  slab. 

The  author  also  indulges  in  speculations  as  to  the  origin  and  symbol 
ism  of  the  ecnlptures,  which  are  ingenious,  novel,  and  many  of  tbem 
apparently  very  reasonable,  while  others  will  undoubtedly  be  accepted 
nith  much  hesitation,  and  will  perhaps  be  rejected  as  untenable  by 
students  of  archteology. 

The  author  was  invited  to  visit  Washington,  where  a  room  was  pro- 
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ridod  for  him  at  the  InstitotioD  and  the  drawings  of  tbese  acolptures 
were  reprodnced  by  an  arttaC  ander  his  personal  Bopervision  and  cod- 
staDt  instruction.  The  expense  of  the  preparation  of  the  mannBcript 
and  illnstratioDS  as  well  as  of  the  publication  has  been  borne  by  the 
Smithsonian  Institution.  The  pnblication  of  the  work  was  recommended 
by  several  of  the  leading  archsBologist«  of  the  coantry,  and  in  a  report 
in  regard  to  it  Prof.  W.  D.  Whitney  remarks,  "  It  seems  to  me  a  story 
refreshing  by  its  brevity  and  simplicity,  very  nulike  tbe  pompons  and 
boastfol  way  in  which  sach  things  are  often  heralded.  One  may  not 
agree  with  all  the  inferences  drawn  at  the  end,  but  that  is  a  matter  of 
very  small  importance;  no  two  persons  would  arrive  at  precisely  the 
same  conclusions.  So  far  as  I  can  judge,  tbe  Institution  has  every  rea- 
son to  take  pleasure  and  pride  in  the  issne  of  sncb  a  contribution  to  Amer- 
ican archaeology."  The  sculptures  represented  are  of  sncb  a  remark- 
able character  that  it  has  beeu  thought  advisable  to  institute  some  fur- 
ther inquiries  in  regard  to  tbeir  present  condition;  and,  fortunately,  an 
opportunity  has  occurred  which  enables  the  Institution  to  do  this 
without  making  any  draft  upon  its  income.  The  Government  of  Guate- 
mala having  requested  the  Government  of  the  United  States  to  nomi- 
nate a  competent  geologist  to  make  explorations  of  mines  in  tbe  former 
couutry,  tbe  Secretary  of  State  referred  the  matter  to  the  Secretary  of 
the  Smithsonian  Institution,  who  nominated  Mr.  Arnold  Hagae,  who 
had  been  engaged  on  the  survey  of  the  fortieth  parallel  under  Clarence 
King,  a  gentleman  well  qualified  to  discharge  tbe  duties  intrusted  to 
bim.  He  has  beeu  requested  to  visit  the  region  in  question  and  to  report 
on  the  state  of  the  sculptures  described  in  the  memoir  of  Dr.  Habel  as 
well  as  on  any  archfeological  remains  of  interest  which  be  may  meet 
with  in  the  course  of  his  explorations  in  tbe  country. 

lu  previous  reports  a  paper  has  been  mentioned  which  is  the  result 
of  the  investigations  of  the  late  Prof.  Henry  J.  Clark  relative  to  Lwxr- 
naria,  a  class  of  animals  formerly  regarded  as  polyps,  but  more  recently 
associated  with  the  aealeplue  or  sea-nettles  and  jelly-fishes.  It  was 
presented  to  the  Institution  several  years  ago,  l)ut  the  publication 
has  been  delayed  by  a  series  of  unespected  hindrances.  Much  delay 
was  experienced  at  first  in  obtaining  proper  engravings  of  the  very 
minute  and  complicated  drawings  to  illustrate  the  work,  and  before  these 
were  completed  tbe  author  was  called  from  this  life,  in  the  flower  of  his 
age  and  in  the  midst  of  a  series  of  successful  investigations.  After  his 
death  it  was  found  difficult  to  obtain  the  services  of  a  person  sufficiently 
acquainted  with  the  subject  to  read  the  jiroof  sheets,  but  dnring  the 
year  the  printing  has  been  commenced  under  tbe  supervision  of  Prof. 
A.  E.  Verrill,  of  Yale  College.  Unfortunately,  another  delay  has  been 
occasioned  by  the  ill-health  of  this  gentleman.  We  hope,  however,  that 
the  work  will  be  completed  in  tbe  course  of  a  mouth  or  two  and  will  be 
ready  for  distribution  at  an  early  day. 
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Daring  tbe  year  I87T,  a  paper  has  been  pablished  in  tlie  "Goutribn- 
tions  to  Knowledge  "  on  tbe  "  loternal  strnctore  of  tbe  earth  considered 
as  affecting  the  phenomena  of  precession  and  nutation,"  by  General  J. 
G.  Barnard,  United  States  Army.  This  is  a  snpplemeutary  article  to 
one  by  the  same  aathor  published  in  the  nineteenth  volame  of  Contribn- 
tiOQS,  and  was  read  before  the  National  Academy  of  Sciences  at  its  ses- 
sion in  April,  1877. 

For  several  years  past  Mr.  P.  P.  Carpenter,  author  of  the  ^'Lectnres 
on  MolluBca,"  and  tbe  "  Mollusks  of  Western  North  America,"  published 
by  the  InatitDtioD,  has  been  engaged  in  the  preparation  of  a  monograph 
of  tbe  Chitonidfs,  or  coat-ofmail  shells,  a  remai-liable  groap  of  sbell-flsh. 
An  appropriation  was  made  in  1877  to  enable  him  to  have  drawings  pre- 
pared of  rare  type-specimens  in  Europe.  We  regret  to  state,  however, 
that  l)efore  bis  work  was  completed  Mr.  Carpenter  died  at  Montreal,  on 
tbe24thMay,lS77.  Hewasthesouoftbewell-hnown  Dr.  Lant  Carpenter, 
and  a  member  of  a  family  diatiaguishGd  by  great  gifts.  lie  was  boru  in 
Bristol,  £!ngland,  in  1819,  and  after  graduating  at  the  University  of  Edin- 
burgh became  a  minister  of  the  gospel.  He  early  manifested  a  tRste 
for  natural  history,  particularly  of  the  moUusks,  which  be  made  bis 
special  study  during  his  life.  He  presented  to  the  British  Museum  bis 
own  collection  of  shells,  consisting  of  8,873  speoimens,  all  determined, 
and  many  of  tbem  described  by  himself.  In  1859  be  visited  America, 
where  he  was  engaged  in  determining  the  collections  of  shells  in  the 
Smithsonian  Institution  and  other  mnsenms.  His  manuscripts  were 
left  in  an  imperfect  condition,  and  partly  written  in  an  obsolete  phono- 
graphic short-hand.  An  attempt  at  having  this  short-hand  deciphered 
is  being  made,  by  the  help  of  his  brother,  the  Bev.  Bnssell  L.  Car- 
penter, of  Bridport,  England.  A  large  number  of  beautiful  drawings 
of  the  shells  and  soft  parts  of  the  various  genera  had  been  prepared 
at  the  cost  of  the  Institution,  and  the  manuscript,  or  saeb  portions  of  it 
as  may  be  made  available,  have  been  placed  in  the  hands  of  Mr.  W.  H. 
Ball  for  revision,  with  a  view  to  their  ultimate  publication.  It  is 
believed  that  this  monograph  will  form  a  valuable  contribution  to  the 
knowledge  of  the  invertebrate  animals  of  the  world. 

In  the  report  for  1875  it  was  stated  that  184  pages  bad  been  stereo- 
typed of  the  Botanical  Index  prepared  by  Prof.  Sereuo  Watson.  This 
work  is  intended  to  facilitate  the  labors  of  botanists,  especially  in  the 
Btody  of  the  plants  of  tbe  western  portions  of  the  United  States,  by 
furnishing  references  to  all  the  published  descriptions  of  species  of  tbe 
flora  of  North  America  with  lists  of  synonyms.  Tbe  search  for  what 
has  been  written  frequently  consumes  more  time  and  labor  than  all 
the  rest  of  a  botanical  investigation,  and  tbe  present  work  has  been 
undertaken  at  the  urgent  solicitation  of  some  of  tbe  principal  botanists 
of  the  country,  who  have  also  contributed  to  the  expense  of  its  prepara- 
tion. Other  duties  of  Professor  Watson  have  been  so  engrossing  that 
2  s 
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he  has  not  yet  been  able  to  complete  this  work.  It  is  now  proposed,  as 
Tecommenclecl  by  Professor  Gray,  to  pnblish  the  pages  already  stereo- 
typed, aa  part  1,  since  tbia  will  cover  the  ground  of  volume  1  of  Torrey 
and  Gray's  Flora  of  ^orth  America  and  be  complete  in  itself  as  far  as  it 
goes.  A  short  preface  will  be  given,  and  at  the  end  an  index  to  the 
genera.  It  will  include  nearly  500  pages,  and  can  be  printed  and  distrib- 
nted  early  in  the  year  1878. 

The  "Toner  Lectnres"  have  been  institnted  at  Washington  by  Dr. 
Joseph  M.  Toner,  a  practicing  physician  of  this  city,  who  has  placed 
in  obarge  of  a  board  of  trustees,  consisting  of  the  Secretary  of  the 
Smithsonian  Institution,  the  Surgeon-General  of  the  United  States 
Army,  the  Surgeon-General  of  the  United  States  Navy,  and  the  presi- 
dent of  the  Medical  Society  of  the  District  of  Colombia,  a  fund,  the 
interest  of  which  is  to  be  applied  aunnally  for  a  memoir  or  essay  rela- 
tive to  some  branch  of  medical  science,  and  containing  some  new  truth 
fully  established  by  experiment  or  observation.  As  these  lectnres  are 
intended  to  increase  and  diffuse  knowledge,  the  Institution  has  accepted 
them  for  publication  in  its  series  of  "  Miscellaneons  Collections."  The 
following  )8  a  list  of  the  lectures  already  published : 

1.  Ou  the  stnictu  re  of  cancerous  tumors  and  the  mode  in  which  adja- 
cent parts  are  invaded.  By  Dr.  J.  J.  Woodward.  November,  1873. 
44  pp.    8vo. 

2.  The  dual  character  of  the  brain.  By  Dr.  G.  E.  Brown -St^qnard. 
January,  1877.    25  pp.    8vo. 

3.  Strain  and  oreraction  of  the  heart.  By  Dr.  J.  M.  Da  Costa.  Au- 
gust, 1874.    32  pp.     8vo. 

4.  A  study  of  the  nature  and  mechauisro  of  fever.  By  Dr.  Horatio 
C.  Wood.    February,  1875.    48  pp.    8vo. 

5.  On  the  surgical  coin  plications  and  sequels  of  the  continued  fevers. 
By  Dr.  W.  W.  Keen.    April,  1877.     72  pp.    8vo. 

6.  Subcutaneous  surgery ;  its  principles  and  recent  extension  in  prac- 
tice.   By  Dr.  William  Adams.    May,  1877.    20  pp.    8vo. 

Of  the  above  series,  the  second,  fifth,  and  sixth  have  been  published 
during  the  past  year.  The  second,  by  Dr.  Brown-Sequard,  was  not 
printed  in  its  regular  order  on  account  of  the  failure  of  the  author  to 
furnish  the  manuscript  of  the  lecture,  and  it  was  finally  published  from 
short-hand  notes  taken  at  the  time  by  a  reporter. 

Appended  to  the  lecture  of  Dr,  Keen  on  fever  is  a  bibliography, 
including  works  referring  more  or  less  briefly  to  several  diseases,  viz: 
1,  diseases  of  the  joints ;  2,  diseases  of  the  bones ;  3,  diseases  of  the 
larynx;  4,  gangrene;  6,  htematomataj  6,  diseaees  of  the  eye ;  7,  phleg- 
masia; 8,  miscellaneous. 

To  defray  iu  part  the  cost  of  printing  these  lectures,  they  are  sold  at 
25  cents  each. 

The  records  of  scienti&o  discoveries  have  become  so  extended  and 
so  distributed  among  works  forming  whole  libraries,  that  to  become 
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ocqaamted  with  what  is  known  in  any  branch,  woald  be  a  labor  of  snob 
magnitude  as  to  fona  a  serioas  obstacle  to  the  advance  of  knowledge  irere 
not  means  devised  for  facilitating  this  labor.  The  means  adopted  for 
this  end  are  cloasified  indexes  of  special  subjects  in  wbicli  may  be  found 
everything  of  importance  which  has  been  published  in  regard  to  the 
subject. 

Tbe  Royal  Society's  Gatalogneof  Scicatiflc  Papers  is  a  boon  to  science, 
and  is  of  great  importance  to  every  original  investigator,  but  it  is 
arranged  solely  under  authors'  names,  and  contains  only  references  to 
papers  appearing  in  periodicals  published  since  1800,  excluding  all  books 
published  separately.  To  supplement  this  the  Inatitntion  has  pub- 
lished during  the  year  an  index  of  books  and  memoirs  relating  to 
nebiiliB  and  star  clusters,  by  Prof.  B.  S.  Holden,  of  the  Washing- 
ton Observatory.  This  index  includes  all  papers,  memoirs,  and  books 
on  nebulie  and  clusters  alphabetically  arranged  according  to  authors, 
giving,  for  each  reference,  volume  and  page.  Where  the  title  of 
a  book  or  paper  explains  the  subject  of  it,  such  title  is,  in  general, 
alone  given.  Where  a  paper  is  qoite  important  its  title  is  given,  and  if 
necessary,  a  note  more  or  leas  brief,  expressive  of  its  contents.  The  works 
of  the  elder  Herscbel  on  these  subjects  are  analyzed  at  considerable 
length,  in  order  partly  to  supply  the  great  want  of  an  edition  of  bis  col- 
lected works.  In  tbe  case  of  papers  of  minor  interest,  a  reference  to  tbe 
periodical,  volume,  and  page  is  alone  giveu  (do  title),  and  a  note  of  its 
purport.  In  addition  to  this,  there  is  given  a  very  condensed  reference 
to  the  papers  in  each  periodical  consulted.  In  this  way  a  person  con- 
sulting the  catalogue  will  find  all  the  works  of  any  author  upon  tbe  gen- 
eral subject,  with  brief  uotea  of  the  contents  of  each  paper;  or  again,  any 
person  de^iiring  to  refer  to  the  various  papers  on  this  subject  contained 
In  any  serial  publication,  as  the  Philosophical  Transactions,  for  example, 
will  find  references  which  will  save  him  much  time.  The  index  is  prac- 
tically complete  to  the  present  date ;  it  contains  a  complete  list  of  all 
published  (and  many  nnpublisLed)  drawings  of  nebulie  aud  clutiters,  and 
also  ao  index  to  Sir  William  Uerschel's  classes  of  nebula;. 

In  the  last  two  reports  an  account  was  given  of  a  new  series  of  publi- 
cations to  form  part  of  the  "Miscellaneous  Collections,"  entitled  "Bul- 
letins of  tbo  National  Museum,"  and  intended  to  illustrate  the  collec- 
tions of  natural  history  and  ethnology  belonging  to  tbe  United  States, 
of  which  the  Smithsonian  Institution  is  the  custodian.  They  are  pre- 
pared at  the  request  of  tho  Institution  by  different  individuals,  and  are 
printed,  by  the  authority  of  the  Secretary  of  the  Interior,  at  the  Govern- 
ment  Printing  Office. 

Since  the  date  of  the  last  report,  numbers  7,  8,  and  0  of  the  Bulletins 
have  been  published. 

No.  7  is  a  contribution  to  the  Natural  History  of  the  Hawaiian  and 
Fanning  Islands  and  Lower  California,  by  Dr.  Thomas  H.  Streets,  passed 
assistant  surgeon,  United  States  Navy.    The  collection  that  fumiEfaed 
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tbe  materials  for  tbi»  Bnlletiu  were  made  by  Br.  Streets  wbile  connected 
with  the  NortU  Pacific  Snrveying  Expedition  in  lS73-'76.  The  Fan- 
ning group  conBists  of  fonr  small  coral  islands,  Otiristmas,  Fanning, 
Washington,  or  New  York,  and  Palmyra.  Tbey  are  situated  imme' 
diately  north  of  the  equator,  extending  from  latitude  l'^  57'  north  to  5^ 
40*  north,  and  from  longitude  157°  27'  west  to  102°  11'  west.  Three  of 
tbese  islands  have  been  terra  incognita  to  tbe  naturalist,  and  furnish 
much  new  matter.  This  was  particalarly  tbe  case  with  Washington 
Island,  which  is  an  obliterated  atoll,  having  been  lifted  up  by  some 
disturbing  force,  so  as  to  close  up  the  lagoon-oattet,  aud  wbat  was  tbe 
old  salt-water  lagoon  is  now  a  fresh-water  lake.  It  is  probable  that  tbe 
salt-water  of  the  lagoon  has  drained  off  through  tbe  light,  porous  soil, 
and  its  place  been  supplied  by  rain-water.  It  is  unfortunate  that  the 
exigencies  of  the  naval  service  did  not  permit  of  a  longer  stay  at  this 
island,  and  especially  that  sufficient  time  was  not  given  to  investigate 
tbe  life  in  the  freshwater  lake.  During  the  half  day  which  he  was 
allowed  to  remain  on  the  island,  Dr.  Streets  eucceeded  in  fixing  the 
habitat  of  a  lory  {Coriphilus  kufdi],  which  has  long  been  a  puzzle  to 
ornithologists,  aud  he  also  discovered  a  dimiuutive  species  of  tbe  gad- 
well  duck  inhabiting  the  lake.  The  specimens  of  tbe  lory  brought 
home  by  Dr.  Streets  are,  it  is  believed,  the  only  ones  in  this  country; 
and  tbey  are  exceedingly  rare  in  the  museums  of  Europe.  The  island  is 
densely  covered  (vith  vegetation,  the  cocoanut-palm  tree  predominating. 
Tbe  collection  represents  the  complete  avi-fauna  of  the  group  dnring 
the  winter  months,  with  two  or  three  exceptions.  A  point  of  interest 
ID  connection  with  tbe  fish  collection  is  that  it  extends  the  area  of  dis- 
tribatiou  of  many  species  that  were  previously  confined  to  the  East 
Indian  region.  The  couditions  aurroanding  life  on  the  southernmost 
island  of  the  group,  Christmas,  were  generally  found  to  be  very  different 
from  that  on  the  others ;  and  in  cases  where  it  was  the  same,  the  habits 
of  the  species  were  observed  to  be  greatly  modified.  Tbe  notes  accom- 
panying the  names  of  tbe  sea-birds  are  thonght  to  be  very  interesting 
in  this  connection.  Pnrely  land-life,  as  is  natural  to  be  supposed,  is 
very  scantily  represented  on  the  islands.  On  Palmyra  there  was  found 
a  minute  shell,  a  Tomatellina,  anA  a  land-leech,  that  fastened  itself  upon 
the  eyelids  of  the  young  birds.  Gats  and  house-flies  are  abundant,  bnt 
neither  are  indigenous.  In  addition  to  tbe  land-birds  already  men- 
tioned, there  was  also  observed  on  Washington  a  bird  resembliug  a  fly- 
catcher.   Giant  laud-crabs  were  numerous  on  tbe  same  island. 

After  tbe  Portsmouth,  on  which  Dr.  Streets  was  stationed,  had  com- 
pleted the  survey  of  the  Fanning  group,  he  was  transferred  to  the 
Karragansett,  which  was  making  a  survey  of  the  west  coast  of  Mexico. 
This  portion  of  tbe  collection  does  not  pretend  to  be  exhaustive  even 
of  any  one  locality,  the  nature  of  the  work,  a  running  survey,  precluding 
the  idea  of  a  protracted  stay  in  one  place.  Tbe  elucidation  of  some 
doubtful  points  in  the  history  of  two  species  of  birds  and  an  account 
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of  the  gnaoo  deposits  in  tbe  Gnlf  of  California  are  the  onlj  notevorthy 
items  in  conoectioa  with  tbe  ornithology  of  this  region.  Angel  Island 
in  tbe  Onlf,  was  fonnd  to  be  the  dwelling-place  of  two  extremely  rare 
Arizonian  reptiles.  In  regard  to  fish,  two  more  species  are  added  to  the 
number  of  those  that  are  common  to  both  the  Atlantic  aud  Pacific 
shores  of  the  American  continent. 

The  eighth  namber  of  tbe  Bnlletin  is  an  index  to  the  names  which 
have  been  applied,  previous  to  the  year  1877,  to  tbe  snbdivisions  of  the 
class  Bracbiopoda  exclndiug  tbe  Rndistes,  by  William  H.  Dall,  of  the 
United  States  Coast  Sarvey.  The  Brachiopods  are  among  tbe  most 
characteristic  forms  by  which  geological  strata  aro  co-ordinated.  Many 
genera  have  been  described  in  little-knowa  works  by  Earopean  authors, 
and  many  others  in  obsoare  American  pnblicatioos.  Mostof  the  names  ap. 
plied  to  these  generaareduplicationsof  one  another.  Americanand  Euro- 
pean anthors  have  been  retarded  in  their  classification  of  tbe  Brachiopods 
by  tbis  nudigestfid  synonymy.  Mr.  W.  H.  Dall  has  collected  the  his- 
tory of  all  the  names  which  bare  been  applied  to  members  of  tbis  group 
both  properly  and  improperly,  and  added  notes  on  their  synonymy,  rela- 
tions and  a  geological  table  of  the  strata  in  which  each  gronp  is 
found.  This  index  affords  the  means  for  properly  naming  the  national 
collectioa  of  these  fossils,  and  it  bas  received  the  approbation  of  Mr. 
Thomas  Davidson,  F.  R.  3.,  of  England,  the  highest  authority  living 
on  the  subject  of  Brachiopoda.  It  is  shown  by  tbis  list  that  of  sixteen 
families  of  Brachiopods,  six  have  living  representatives,  one  more  than 
appear  to  have  been  represented  during  the  Cambrian  epoch,  while  but 
two  of  the  Cambrian  iamilios  have  survived.  All  those  living  in  Creta- 
ceous times  have  endured  till  now.  All  now  living  had  Paleozoic  rep- 
resentatives, while  half  the  Paleozoic  families  do  not  appear  to  have 
survived  the  changes  which  introduced  the  Mezozoic  time.  This  work 
is  an  octavo  of  83  pages. 

The  niath  Bulletin  is  entitled  *' Oontribations  to  I^orth  American 
Ichthyology  based  primarily  on  tbe  collections  of  tbe  United  States 
Xational  Museum.  Part  I.  Review  of  BafinesQue's  Memoirs  on  S'orth 
American  Fisbes."  By  Prof.  D.  S.  Jordan.  The  object  of  the  author  of 
this  paper  is  to  present  a  series  of  identifications  of  the  species  of  fresh* 
water  fishes  described  by  Rafinesque  in  his  "  Icbthyologia  Ohieusia  " 
and  elsewhere,  tbe  result  of  nearly  three  years  of  field-work  in  the  region 
explored  by  Rafinesque.    It  forms  an  octavo  pamphlet  of  S3  pages. 

Annual  report. — The  annual  report  of  the  operations  of  the  Institution 
for  the  year  1876,  was  presented  to  Congress  on  the  IGth  day  of  Feb- 
ruary, 1877,  and  on  the  28th  of  February  a  resolution  was  adopted  by 
Congress  ordering  an  edition  to  bo  printed  of  10,500  copies,  of  which 
1,000  were  to  be  for  the  use  of  the  Senate,  3,000  for  the  House  of  Bep- 
resenlatives,  and  6,500  for  the  use  of  the  Institution.  This  was  a  reduc- 
tion Id  the  number  usually  ordered  for  distribution  by  the  Institutioa  of 
1,000  copies. 
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The  appendis  to  the  report  for  1878  coDtains  traoslatioDS  of  Arago'g 
Eulogy  OB  Gay-LuHaac;  Fialbo's  Biographical  Sketch  of  Dom  Pedro  I; 
Pilar  on  the  Beyolutiona  of  the  Cruatof  the  Earth;  aud  Blondel  oa 
Jade ;  besides  original  articles  od  Kinetic  Theories  of  Gravitation,  by 
William  B.  Taylor;  the  Asteroids  between  Mars  and  Japiter,  by  Prof. 
Daniel  Kirkwood ;  the  Lutimer  Collection  of  Antiquities  from  Porto  Rico, 
by  Prof.  Otis  T.  Masoa;  Antiqaitiea  in  Guatemala,  by  the  Hoa.  George 
Williamson;  CoIlectionB  of  Historical  Documents  in  Guatemala,  by  Dr.  0. 
H.  Berendt;  Observations  on  the  Prehistoric  Mounds  of  Graut  County, 
Wisconain,  by  Moaes  Strong;  Depoaits  of  Flint  Implements,  by  Dr.  J. 
F.  Snyder;  Ancient  Mica  Mines  in  S^orth  Carolina,  by  C.  D.  Smith;  a 
Doable-walled  Earthwork  in  Ashtabula  County,  Ohio,  by  Stephen  D.  ' 
Peet;  an  Ancient  Implement  of  Wood,  by  E.  W.  Ellsworth;  Centennial 
Mission  to  the  Indians  of  Western  Kevada  and  California ;  Indian  Forts 
and  Dwellings,  by  Dr.  W.  E.  Doyle ;  aud  the  Slonx  or  Dakota  Indians, 
by  Ool.  Albert  O.  Brackett 

ANTimoPOLOGT. 

Anthropology,  or  what  may  be  considered  the  natnral  history  of  man, 
is  at  present  the  most  popular  branch  of  science.  It  absorba  a  large 
share  of  public  attention  and  many  original  investigators  are  assidoonsly 
devoted  to  it.  Its  otyect  is  to  reconstruct,  as  it  were,  the  past  history 
of  man,  to  determine  his  specific  peculiarities  aud  general  tendencies. 
It  has  already  eatablished  the  fact  that  a  remarkable  aimilarity  exists  in 
the  arcbieological  instruments  found  in  all  parts  of  the  world  with  those 
in  use  among  tribes  still  in  a  savage  or  barbarous  condition.  The  con- 
clusion is  supported  by  evidence  which  can  scarcely  be  doubted,  that  by 
thoroughly  studying  the  manners  and  customs  of  savages  and  the  instnt- 
ments  employed  by  them,  we  obtain  a  knowledge  of  the  earliest  history 
of  nations  which  have  attained  the  highest  civilization. 

It  is  remarkable  in  bow  many  cases  easterns  csisting  among  highly 
civilized  peoples  are  found  to  be  survivals  of  ancient  habita.  Indeed  it 
is  asserted,  and  with  at  least  apparent  truth,  that  every  uomeaniDg 
ceremony  fonnd  in  rural  life  in  Europe  and  America,  is  a  survival  of 
an  important  custom  connected  with  an  essential  condition  of  life  in  the 
aboriginal  race.  Hence,  to  clearly  apprehend  the  manners  and  customs 
of  modern  society,  it  is  necessary  to  study  them  iu  connection  with  the 
myths,  the  ceremonies,  and  the  usages  of  ancient  people. 

American  anthropology  early  occupied  the  attention  of  the  Smithson- 
ian Institution,  To  collect  all  the  facts  which  could  be  gathered  in  regard 
to  the  arcbajologj'  of  North  America,  and  also  of  its  ethnology,  or,  in  other 
words,  an  acconut  of  its  present  Indian  inhabitants,  was  considered  a 
prominent  object  in  the  plan  of  operations  of  the  establishment.  The 
first  volume  of  its  Contributions,  wliereby  its  plan  of  intended  oiierations 
was  illustrated,  consists  of  an  elaborate  and  expensive  work  on  the 
"Ancient  Monuments  of  the  Mississippi  Valley";  and  from  the  timeof 
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the  poblicatiOQ  of  this  volame  uotil  the  present,  contribatiODB  of  valae 
have  been  made  auonally  by  the  iDBtitntion  to  this  branch  of  knowledge. 

Daring  the  paat  year  Bmall  appropriations  were  made  as  nsual  for 
opening  monads  and  collecting  their  contents,  and  larger  ones  to  Mr.  F. 
A.  Ober,  for  archsBologioal  explorations  iu  the  West  Indies,  and  Stephen 
Bowers  for  similar  operations  in  California.  The  former  gentleman  bas 
BQCceeded  in  finding  reninanta  of  the  ancient  Carib  tribes,  and  has 
obtained  pbotographs  of  tbe  people  and  specimens  of  tbelr  handiwork. 
Bis  exploration  bids  fair  to  prodnce  a  valuable  return  for  tbe  money 
expended.  It  is  not  confined  to  ethnology,  bat  embraces  collections  in 
all  branches  of  natural  history. 

Tbe  exploration  by  Mr.  Bowers  was  a  continnatioD  of  one  undertaken 
in  connection  with  Major  Powell,  and  was  made  in  the  vicinity  of  Santa 
Barbara  and  on  the  ifdands  adjacent  to  Lower  California.  From  this 
exploration  forty  boxes  of  very  interesting  relics  of  tbe  ancient  inhabit- 
ants of  this  conntry  have  been  received.  A  fnl!  report  of  these  will  be 
prepared  by  Major  Powell.  Theentire  series  of  objects  obtained  become 
the  property  of  the  National  Masenm. 

As  will  be  seen  from  tbe  exhibit  of  the  executive  committee,  the  whole 
amonnt  of  money  devoted  to  explorations  during  the  year  is  9879.50. 

The  collection  of  tbe  arcbteology  and  ethnology  of  America  iii  tbe  Na- 
tional Mnseam  is  tbe  most  extensive  in  the  world;  and,  in  order  to  con. 
nect  it  permaneDtly  with  the  name  of  Smithson,  it  has  been  tboagbt 
advisable  to  prepare  and  publish  at  the  expense  of  the  Smithson  fund 
an  exhaostive  work  on  Americau  anthropology,  in  which  the  varions 
classes  of  specimens  shall  be  figured  and  described. 

For  this  pnrpose  Mr.  Charles  Ban,  formerly  of  New  York,  well  known 
for  his  contribntions  to  American  arcbsology,  bas  been  employed  to 
take  charge  of  the  work,  with  the  assistance  of  skilled  artists.  He  is 
furnished  with  rooms  in  tbe  building,  and  now  devotes  one-half  of  tbe 
time  to  tbe  arrangement  of  the  archaeological  museum,  and  tbe  other  to 
the  description  of  the  specimens  and  the  direction  of  the  artists  engaged 
Id  delineating  them. 

The  Institution  has  also  lately  entered  npon  a  project  it  has  long  bad  in 
contemplation,  namely,  the  compilation  of  a  map  of  tbe  distribution  and 
character  of  the  arobEBological  remains  of  North  America.  The  prelimi- 
nary arrangements  for  this  work  have  been  intrusted  to  Prof.  Otis  T. 
Mason,  of  Columbian  University,  who  has  prepared  a  circular  which  wil 
soon  be  published  by  the  Institntion. 

In  tbe  last  report  it  was  stated  that  the  large  collection  of  Indian 
Tocabnlariea  in  possession  of  the  Institution  bad  been  transferred  to 
Prof.  J.  W.  Powell,  to  be  incorporated  with  his  series  in  his  general 
work  on  the  ethnology  of  the  Territories  of  tbe  United  States  in  course 
of  preparation  aud  publication  by  the  Interior  Department.  What  has 
been  accomplished  during  the  past  year  in  relation  to  this  work  will  be 
seen  in  Professor  Powell's  account  of  bis  explorations,  given  iu  tbe  ap- 
pendix t«  tbe  report  of  the  Secretary. 
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Befereoca  was  made  Id  tbe  last  report  to  the  "  Instrnctions  for  research 
xdative  to  the  ethnology  and  philology  of  America,"  prepared  in  1S61 
by  Dr.  George  Gibba,  and  the  fact  was  stated  that  a  new  edition  of  this 
vork  had  been  nndertaken  in  behalf  of  the  Institution  by  Professor 
Powell.  DnrtDg  the  year  1877,  a  volnme  entitled  " IntrodoctioD  to  the 
Stody  of  Indian  Laognages"  has  been  printed,  and  a  few  copies  dis- 
tributed among  those  interested  in  the  stndy  of  Indian  langnages  for 
sacb  additions  and  emendations  as  may  be  suggested  preparatory  to 
final  publication.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof^  W.  D.  Whitney,  the  distingaished  philologist. 

METEOEOLOGT. 

The  Institution  during  the  past  year  has  continued  its  labors  in  the 
line  of  the  reduction  of  meteorological  observations.  It  has  been  espe- 
cially engaged  in  the  discussion  of  material  for  a  new  edition  of  the  Bain- 
fall  Tables  for  ^orth  America.  It  has  also  reduced  and  printed  the  ob- 
Berrations  made  by  Professor  Caswell  at  Providence,  from  the  termina- 
tion of  his  series  of  meteorological  observations  published  in  ISGO  down 
to  the  close  of  1S76,  tbe  whole  making  a  continuous  scries  for  a  period  of 
forty-five  years.  Long  series  of  this  hind  are  of  great  importance  in  de- 
termiuing  any  change  of  climate  which  may  have  occurred  during  tlie 
period  which  they  embrace. 

We  mention  in  regard  to  this  series  an  interesting  fact  in  connection 
with  the  supposed  change  in  the  rain-fall  in  different  parts  of  the  United 
States  dne  to  tbe  clearing  off  of  forests.  If,  for  example,  we  take  from 
this  series  three  ten-yeat'periods,  one  at  the  beginning,  one  at  the  middle, 
and  one  at  the  end,  we  observe  a  regular  increase  instead  of  diminution 
in  the  amount  of  rainfall  iu  Providence,  as  shown  by  the  following 
figures : 

From  1833  to  1811,  average  38  inches. 

From  1852  to  18C1,  average  44  inches. 

From  18G7  to  1876,  average  49  inches. 

This  fact,  however,  may  be  in  some  way  connected  with  the  custom 
which,  I  am  told,  has  become  common  in  Kew  England  since  the  inhab- 
itants have  devoted  themselves  largely  to  manufactures,  of  allowing  a 
considerable  portion  of  the  soil  which  was  formerly  under  cultivation  to 
grow  up  in  wood. 

The  next  series  of  observations  which  remains  to  complete  the  results 
of  tbe  whole  meteorological  system  of  the  Smithsonian  Institution  will 
be  that  on  the  pressure  of  the  atmosphere,  which  is  intimately  con- 
nected with  the  dominant  winds  in  different  parts  of  the  country. 

The  miscellaneons  work  by  the  meteorological  computers  of  the  Insti- 
tution during  the  year  1877,  is  as  follows ; 

1,  Tabulating  tbe  mean  temperature  and  the  maxima  and  minima  of 
temperature  for  the  Smithsonian  stations  for  the  years  1871-'72-'73. 

3.  Tabulating  rain-fall,  temperature,  and  mosima  and  minima  for 
Canadian  stations,  1875. 
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3.  TaliDlatJDg  rain-fall  for  Signal-Service  stations,  January,  1875,  to 
Jnly,  1876. 

4.  Making  corrections  aod  additions  to  raiu-fall  maDnscrtpt. 

5.  Making  indices  to  the  rain-fall  and  maxima  and  minima  tables. 

TELEGRAPHIC  ANNOUNCEMENT   OP  ASTCONOMICAL   DISCOVERIES. 

Tlie  arrangement  wbich  was  established  between  the  Smithsonian  I:i- 
stitution  and  the  Atlantic  cable  companies  in  1ST3,  by  which  free  tele- 
graphic transmission  of  astronomical  discoveries  was  granted  between 
Enrope  and  America,  has  been  continued  daring  the  past  year. 

The  following  is  a  list  of  the  smiill  planctoidal  bodies  discovered  in 
1877: 
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The  literary  and  scientific  exchanges  inangurated  by  the  Institution 
have  increased  during  the  past  year  in  a  greater  ratio  than  ever  before. 
Fonr  hundred  and  six  boxes,  averaging  7  cnbic  feet  each,  with  a  total 
weight  of  nearly  100,000  ponnds,  and  containing  over  15,000  separate 
parcels,  were  sent  abroad  by  the  Institution.  During  the  year,  4,870 
packages,  each  containing  several  articles,  have  been  received  from 
abroad  for  distribution  in  this  country. 

To  show  the  high  estimation  in  which  this  brancb  of  the  operations 
of  the  Institution  is  held,  as  well  as  to  give  proper  credit  to  the 
parties  who  forward  free  of  charge  the  packages  of  the  Institution,  we 
republish,  as  usual,  the  following  list : 


New  York  aod Brazil  SteamibipCompanx. 
North  OermaDLIoydSteamsbip Company. 
Hamburg  Americaa  Pocket  CoinpaDy. 
North  Baltic  Lloyd  Steamaliip  Compaoj. 
lomaD  Steamship  Compaay. 


Canard  Steamahip  Company. 

Anchor  Steamebip  Company. 

Pacific  Mail  Steamship  Company. 

FanamA  Boilroad  Company. 

Pacific  St«am  Navigatioo  Company. 

NewYorkaDdMexicoSteamHbipCompany. 

The  special  thanks  of  the  Institution  are  again  tendered  to  the  above- 
mentioned  companies  for  tfaoir  enlightened  liberality. 

We  may  also  mention  as  an  evidence  of  the  high  appreciation  of  the 
character  of  the  Smithsonian  exchanges,  that  the  packages  bearing  the 
marks  of  the  lostitatiou  are  admitted  free  of  doty  into  all  foreign  ports 
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The  folIowiDg  are  the  principal  foreign  agencies  of  reception  and  dis- 
tribntion  of  the  SmithsoQian  exchanges: 

London,  William  Wesley,  28  Essex  street,  Strand. 

Paris,  G.  Boasange,  16  Rue  du  4  Septembre. 

Leipaic,  Dr.  Felix  FIQgel,  40  Sidonieo  Straase. 

St.  Petersburg,  L.  Watkius  &  Co.,  10  Admiralty  Place. 

Amsterdam,  Frederick  Miiller,  Heerengracht  KE.  No.  130. 

Milan,  TJ.  Hoepli,  591  Oaleria  Oristoforia. 

Harlem,  Professor  von  Baatnhauer, 

Cbristiauia,  Boyal  TJuiversity  of  Norway. 

Stockholm,  Boyal  Swedish  Academy  of  Sciences. 

Copenhagen,  Boyal  Danish  Society. 

Lisbon,  Polytechnic  School. 

Madrid,  Boyal  Academy  of  Sciences. 

Havana,  Dr.  Felipe  Poey. 

Santiago,  University  of  Chili. 

Mexico,  Mexican  Society  of  Geography  and  Statistics. 

Montreal,  Geological  Survey  of  Canada. 

The  packages  of  the  Institution  for  the  West  Indies  have  been  kindly 
forwarded  by  Mr,  Thomas  Bland,  of  New  York,  and  those  for  Turkey, 
by  Messrs.  Chrysoveloiii  &  Co.,  of  5  Fenwick  street,  Liverpool,  England; 
and  those  for  other  points  in  the  East,  by  the  American  Board  of  Com- 
missioners for  Foreign  Missions,  Boston. 

The  following  table  exhibits  the  number  of  foreign  establishments 
with  which  the  Institution  is  at  present  in  correspondence,  or,  in  other 
words,  to  which  it  sends  pablications  and  from  which  it  receives  others 
in  return. 

^reign  ittttitutions  in  correspondence  tcith  Ote  SmitJuonian  Institutio»> 
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29 
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31 
73 
12 

2 

Holland 

...       65 
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8,330 
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StatitUei  of  eitHungei  lent  during  tht  latl  nine  i/ean. 
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s  of  the  pxchnnges,  tbe  following  rules  have 


To  facilitate  tbe  busim 
been  adopted : 

1.  Every  package,  without  exception,  must  be  eovelopect  in  strong 
paper,  and  secared  so  as  to  bear  separate  transportation  by  express  or 
otherfrise. 

2.  The  address  of  the  institution  or  individual,  for  whom  the  package 
is  intended,  must  be  written  legibly  on  the  cover,  and  the  name  of  the 
sender  on  one  coiner  of  tbe  same. 

3.  No  single  package  mast  exceed  half  of  a  cable  foot  in  bulk. 

4.  A  detailed  list  of  addresses  of  all  the  parcels  sent,  with  theii  con- 
tents, mnst  accompany  them. 

5.  No  letter  or  other  commanication  can  be  allowed  in  the  parcel, 
excepting  such  as  relates  exclnsively  to  tbe  contents  of  the  package. 

6.  All  packages  must  be  deli  Tered  in  Washington  free  of  freight  and 
other  expenses. 

7.  Every  parcel  should  contain  a  blauk  acknowledgment,  to  be  signed 
and  retnrned,  either  throagh  the  agent  of  the  Institution,  or,  what  is 
still  better,  throagh  the  mail,  to  the  sender. 

Should  returns  be  desired  for  what  is  sent,  the  fact  shoald  be  ex- 
plicity  stated  on  tbe  list  of  the  contents  of  tbe  package,  as,  unless  these 
are  specifically  asked  for,  they  will  fail  in  many  instances  to  be  made. 

Specimens  of  natural  history  will  not  be  received  for  transmission 
unless  with  a  previous  understand ing  as  to  their  character  and  bulk. 

6.  Unless  all  these  conditions  are  complied  with,  the  parcels  will  not 
be  forwarded  from  the  Institution;  and,  on  the  failure  to  comply  with 
the  first  and  sec  oud  conditions,  will  be  returned  to  the  sender  for  cor- 

KCtiOD. 

A  new  edition  of  the  list  of  foreign  correspondents  of  tbe  Institution 
is  now  in  press  and  will  be  distributed  to  libraries  &&,  in  the  coarse  of 
a  few  weeks. 

Exchauge  op  ooTBBNimNT  DOCTTUENTS. — In  the  report  for  1875  a 
foil  account  was  given  of  the  system  adopted  for  carrying  out  the  law 
relative  to  the  exchange  of  the  official  publications  of  the  United  States 
Government  forthose  of  foreign  nations.  In  accordance  with  this  system, 
during  tbe  past  year,  71  boxes  of  documents  were  forwarded,  the  follow- 
ing being  a  list  of  the  distribution : 
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International  exchange  of  government  pvblicatiOTts  in  1877. 


Belgium ^ 

Brazil 3  Prassia.. 

Buenos  AjreB U     QneeoelaDil 3 

Chili S     Saiony 2 

England 2     Scotland 3 

France 3     Spain 3 

Geimauf 3     Saatli  Anatratia 3 

Greeoe 7     Sweden 3 

Hayti 3     Switzerland 2 

Holland 2     Tasmania 3 

Japan 2    Tnrkey 3 

Mexico 2     Venezuela 3 

New  South  Wales 2     Victoria j 2 

New  Zeotaod 2  — 

Norway 2  Total 71 

Ontario 2 

The  expense  of  boxing,  packing,  traasportiag,  and  payiDent  of  agents 
in  coQDectioa  witU  tbe  traDsmissioa  ot  these  goveraoieii  t  documents 
has  been  advanced  for  two  years  by  tbe  Institation,  bat  it  is  expected 
that  Congress  will  reimburse  it  by  an  appropriatioa  at  tbe  present  ses- 
sion. 

LIBBABY. 

Statement  of  the  books,  maps,  and  charts  received  by  ilte  Smithsonian  Insti- 
tution in  1877,  and  trans/erred  to  the  Library  of  Congresi. 
Volumes : 

Octavo,  or  less 1,328 

Quarco,  or  larger 561 

1,8S9 

Parts  of  volumes : 

Octavo,  or  less 1, 954 

Quarto,  or  larger 2, 373 

4,327 

Pamphlets : 

Octavo,  or  less 1, 754 

Quarto,  or  larger 430 

2,184 

Maps  and  charts 320 

Total 8,720 

An  increase  of  1,141  over  the  year  1S76. 

lAst  of  the  more  valuable  books  received  in  1877. 

From  the  British  Museum,  London  :  Fac-simile  of  an  Egyptian  Hiera- 
tioPapyros,ofthereiguofRameseaIlI.  London,1876.  Oblong  Elephant 
folio. — Eac'Similes  of  Ancient  Charters.  Parts  ii,  iii.  1870-1877. 
Folic— Catalogue  of  Sanskrit  and  Pali  books.  By  Dr.  E.  Haas.  1870. 
4to.— Catalogue  of  Oriental  Coins.  Vol.  ii.  1876.  8vo.— Catalogue  of 
Greek  Coins.    Sicily,  1876.    8vo.— Catalogue  of  the  Fossil  Eeptilia  of 


EEPOBT  OF  THE  SECKBTAEY.  29 

Soath  Africa.  By  E.  Owen.  1S70.  8vo.— Catalogue  of  Birds.  VoL 
ui.     1877.    8vo. 

From  the  Boyal  Society  of  Kortliern  Autiquaries,  Copenhagen  :  Ad- 
tiquif^s  Kosses  d'apr&s  les  MoQumeuta  hiatoriqaes  dea  Islandais  et 
des  ancieiis  Scandiuaves.  Vols,  i,  ii.  Copeahageu,  185(H853.  Folio. — 
Aarlwyer  tor  1875-1876.     7  parts.    8vo. 

From  the  Itoyal  Frassian  Mining  Office,  Breslau:  Geologie  von  Obcr- 
sclileaieD,  with  atlas,  charts,  and  profile.  Breslaa,  1870.  4to.  <S 
copies.} — UeberBicLt  iiber  die  Production  der  Bergwerke,  Salinen  und 
Hiitten  im  Freuss.  Staate  im  Jahre,  ISTO.  Berlin,  1877.  4to. — Moa- 
taostatistik  dea  deutacheo  Beichs  uod  Luxembnrgs,  &c.,  1875.  Berlin, 
1877.  4to. — Vierteljalirshefte  znr  sCatistik  des  deatachea  lieichs  fiir  das 
Jahr,  1873.    Berlin,    ito. 

From  the  General  Direction  of  tbe  Boyal  Oollectiona  of  Art  and 
Science,  Dresden :  Das  Griltie  Gewolbe  zu  Dresden,  llundert  Tafein  iu 
Lichtdruck,  enthaltend  gegen  300  gegenstande  aus  den  verscbiedeusteu 
Zweigeu  der  KnnstJadustrie,  nach  Frof.  Graff,  Director  der  konigl. 
Knnst-Gewerbschute  zu  Dresden.  Berlin.  Folio. — Mittbeilnngen  aas 
dem  K.  ZoSlogischeu  Sluseum  zti  Dresden,  ii.  Dresden,  1877.  4to. — 
Archiv  iiir  Litteratnrgeschicbte,  1877.    3  parts.    8vo. 

From  the  Boyal  University  of  Norway,  Cbristiania:  Die  Pflanzen- 
welt,  Sorwegens.  Von  Dr.  F.  C.  Schnbeller.  Specieller  tbeil.  Cbris- 
tiania, 1875.  4to. — Die  Skandinaviske  og  Arktiste  Ampbipoder,  besk- 
revne  af  Axel  Boeck.  Christiania,  1876.  4to. — Enumeratio  Insectomm 
Korvegicorum,AnctoreH.  Siebke.  i-iv.  Christiania,  IS71-1877.  Svo. — 
DieKircbozuHitterdal,in  lOBliittem.  Dresden,  1837.  Folio.— Aars* 
beretnring,  1873, 1873, 1874,  1875.  Ohristiauia.  8vo. — Heilagra  Manne 
Sognr.  Udgivue  af  Dr.  C.  B.  Unger.  Christiania,  1877.  8vo.— Pos- 
tola  Siigor.  TJdgivne  af  C.  E.  Unger.  Chistiania,  1874.  8vo. — Gorges 
Myoter  i  Middelalderew  af  C.  I.  Scbive.  Christiania,  1865.  Folio. — 
Sorske  Bigsregiatranter,  1628-1631.  Christiania,  1874.  Svo.— And  S 
Tolnmes  and  14  pamphlets  of  university  publications. 

From  tbe  Imperial  Archseological  Commission,  St.  Petersburg : 
Comptes-Eendu,  1872, 1873,1874.  StPetersburg,  1875-1877.  4to.  with 
folio  Atlas. 

From  the  Boyal  Zoological  Society,  Amsterdam :  Jaarboekje,  1852, 
1853,  1855-1870,  1872-1875.  Amsterdam.  (22  vols.)— Nederlandsch 
Tijdschrift  von  de  Dicrkunde.  Vols,  ii,  iii,  iv.  Amsterdam,  1865-1873. 
Svo. 

From  tbe  South  Kensington  Museum :  Science  and  Art  Dei)artment, 
London ;  Descriptive  Catalogue  of  the  Maiolica,  Hispano-Moresco,  Per- 
sian, Damascus,  and  Bhodian  Wares,  in  tbe  South  Kensington  Museum. 
1873.  8to.— Descriptive  Catalogue  of  Bronzes.  1876.  8vo.— A  Descrip- 
tion of  tbe  lonies.  Ancient  and  Mediaeval,  in  tbe  Sonth  Kensington  Mu- 
seum. 1872,  Svo. — Textile  Fabrics  in  the  South  Kensington  Museum. 
1870.    Svo. — Ancient  and  Modern  Furniture  and  Woodwork  iu  tbe  Sontb 
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KensingtOD Maseam .  1S74.  Svo. — CatAlogneof tUeSpecial  Exhibitioaof 
Works  of  Art  oq  Loan.  1802.  8vo.— The  First  Proofo  of  tlie  Uuirereal 
Catalogae  of  Boobs  oa  Art.  Vols,  i,  ii,  attU  sapplemeot.  1870-1875. 
4to.— TJuiversal  Art  Inventory.  Parte  i,  ii,  iii,  1868-1872.  8vo.— Cata- 
logne  of  Italian  Scnlptare,  by  J.  O.  Bobinson.  1862.  Svo. — Descriptive 
Catalogue  of  Musical  Instruments  in  the  South  Kensington  Museum. 
1874.  Svo.— Historical  Oollection  of  Water-color  Paintings  in  the  South 
Kensington  Museum.  1876.  8vo. — Catalogue  of  Enamels  on  Metal. 
Illustrated.  1875.  4to— Illustrated  Catalogue  of  Jnbinal's  Collection 
of  Ancient  Cutlery.  1874.  4to. — Illustrated  Catalogue  of  Electrotype 
Beproductions  of  Works  of  Art.  1873.  4to. — Drawings  of  Glass  Cases 
in  the  South  Kensingtou  Museum,  with  Suggestions  for  the  Arrauge- 
meut  of  Specimens.  1877.  4to. — Special  Loan  Exhibition  of  Decora- 
tive Art  Needle-wort  made  before  1800.  1874.  4to.— Catalogue  of  An- 
cient Musical  Instruments.  1872.  4to. — Catalogue  of  Exhibition  of 
S^ational  Portraits.  1866,  18C7,  1808.  London,  8vo.— Catalogue  of 
Special  Exhibition  of  Portrait  Slintaturea.  1865.  8vo. — Objects  of 
Indian  Art.  1874.  8vo. — Monuments  of  Early  Cbristian  Art.  1872. 
8vo. — A  Description  of  the  Trojan  Column,  by  J.  Huugerford  Pallen. 
1874.    Svo. — Aud  65  volumes  of  catalogues,  lists,  &c. 

From  the  British  Government:  Beport  ou  the  Antiquities  of  KStbiunftil 
and  Kachh,  beiug  the  result  of  the  second  season's  operations  of  the 
Archffiological  Survey  of  Western  India,  1874-'7D.  By  James  Burgess. 
London,  1876.    4to. 

From  Capt.  John  Ericsson,  New  York:  Coutributions  to  the  Centen- 
nial Exhibition,  by  John  Ericsson,  LL.  D.    New  York,  1876.    4to. 

From  the  Ministero  de  riustrnctiou  Publique  et  des  Beaux-Arts, 
Paris :  Denderah :  Description  giSn^rale  du  Grande  Temple  de  cette 
ville,  par  Auguste  IMariette  Bey,  i-vi.  Paris,  1870-1875.  Folio. — Cata- 
loguedelaBiblioth^queNatiouale.  Histoire.  Tomex.  M^decine.  Tome 
ii.  Paris.  1870-1873.  4to.— Noavelle  Archives  du  Museum  d'flistoire 
Naturelle.  Vol.  iv,  pt.  4;  vols.  v-x.  Paris,  18C8-187C.  4to.— Monu- 
ments divers  recueillis  en  Egypt  et  en  Nubie.  Livr.  1-24.  Paris,  18T2. 
Folio.— Etudes  Egyptologiques.  Livr.  1-7  and  9.  Paris,  1873-1S77. 
4to. — Melanges  d'Archeologie  Egyptieune  et  Assyrieune.  Livr.  1-8- 
Paris,  1872-1870.  4to. — Inventaire  des  Mauuscrits  Frangais  de  la  Bib- 
lioth^ue  Nationale.  Tome  i.  Theologie.  Paris,  1870.  8vo.— Rapports 
8ur  le  service  des  Archives,  de  la  Biblioth6que  Nationale  et  des  Misstous. 
1876,  Paris.  Svo. — ManuscritTroano.  Tomes  i,  ii,  and  supplement,  18G9t 
1870.  4to. — Travanx,  Instruments  et  Machines  Agricoles,  par  M.  H.  Man- 
gon.  Text  and  atlas.  Paris,  1875.  4to. — Statistiqne  Monumentale  de 
Paris.  Livr.  30-36  and  text.  Paris,  1867.  Folio.— Becueil  de  Dipldmes 
Militaires.  i.  Paris,  1876.  4to. — Bxamen  des  Tarifs  de  Douane.  Paris, 
1876.  4to.— Recneil  des  Charles  de  I'Abbaye  de  Cluny.  Tome  i.  Pwis, 
1876.  4to.— Monographie  de  la  Cath6drale  de  Chartrea.  Atlas,  tiff. 
6-9.    Paris,  1853-1865.    Imp.  folio.— Nonvelle  G6ographie  Duiverselle, 
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par  Blis^  Reclaa.  Tomes  i,  ii.  Paris,  1876,  1877.  8vo.— Rapport  aa 
Uinistrede  la  Marine  relatif  ftVaestr^icDUnre.  Paris,  1877.  Svo. — Statis- 
tiqoede8PdcbesMaiitiiDes,1875.  Paris,  1876.  Svo. — LaCbaleursotaire 
et  Hcs  applications  indnstri^Iea,  par  A.  Mouohot.  Paris,  18C9.  8to. — 
Sitoatiou  AdmiDistrative  des  Monts-de-PiSt^.  Paris,  1876.  Svo. — Re- 
paration des  Dommages  resultant  de  IlDvasion.  Paris,  1876.  4to. — 
Eaqa3te  snr  les  Bnreaux  de  Bienfaisance.  Paris,  1874.  4to. — Yo- 
yage  G^logiqae  dans  les  B^pobliqaes  de  Gaatemala  et  de  Salvador. 
Paris,  1868.  4to.— Rapports  sar  I'ExpositioD  Universelle  &  Yienao  en 
1873.  Tomes  i-v.  Paris,  1875, 1876.  8vo.— Les  Progrfes  de  la  Plioto- 
gr&phie,  par  A.  Davanne.  Paris,  1877.  8vo. — Rapport  sar  la  MissioQ 
des  Chotta.  Paris,  1877.  8vo.— Nonvelle  Navigation  Astrouomique. 
Tti6orie.    Pratique.    Paris,  1877.    8vo.— {2  vols.) 

From  Dr.  W.  Eugelmann,  Leipzig:  Aristoteles  Werke.  Yols.  i-v. 
Leipzig,  1853-1874.  8vo.  Morphologisches Jahrbuch.  Yols.  i,ii;  vol. 
iii,pt8.1-3.  Leipzig,  1875-1877.  8vo. — JahrbUclierfiirwisseDschaftlicbe 
Botanlfc.  Yols.ir,  vi-si.  Leipzig,  1865-1877.  8vo. — Zeitschrift  fiir  wis- 
senschaftliehe  Zoologie,  1856-1875.  Leipzig.  8vo.  (58  parts). — Die 
Heliceen,  von  J.  C.  Albers.  Leipzig,  1861.  Svo. — Lebrbach  der  Botanik, 
TOD  Dr.  J.  Sachs.  Leipzig,  1874.  Svo. — Die  Spongiea  des  Adriatiscbeu 
Meerea,  von  Dr.  O.  Schmidt  and  Suppl.  1-3.  Leipzig,  1862-1868.  4to.— 
Siiongien  Paana  des  Atlantischen  Gebietes,  von  Dr.  O.  Schmidt.  Leip- 
Mg,1870.  4to.—Handbuch  der  Zoologie.  Yols.  i,  11.  Leipzig,  18C3-1868. 
Svo.— BibliothecaEntomologica.  Yols.  i,  it.  Leipzig,  1862, 1863.  Svo. — 
Jabresbericbt  der  im  Qebiete  der  Zootomie  erscbienenea  Arbciten,  von 
J.  V.  Garas.  Leipzig,  1856.  8ro. — Die  Siisswasserfisube  der  Oestreich- 
ischen  Monarcbie,  von  J.  Heckel  nad  Dr.  It.  Ener.  Leipzig,  1858. 
Svo. — ^TJateraachangen  iiber  Pteropoden  and  Heteropoden,  vou  Dr.  0. 
Qegeobaner.  Leipzig,  1855.  4to. — Catalogns  Plantarnm  Cubensiam, 
von  A.  Grisebacb.  Leipzig,  1866.  Svo. — System  der  Tbierischea  Mor- 
phologie,  von  Dr.  J.  Y.  Garus.    Leipzig,  1853.    And  varioas  pamphlets. 

From  the  Minister  of  EdncatioQ,  Tokio,  Japan :  34  charts  for  object- 
teaching,  and  38  Japanese  test-books. 

From  G.  de  Eanfmau,  Governor  General  of  Turktatan,  a  collection  of 
photographs  of  the  races  of  mankind  inhabiting  the  Russian  possessions 
in  Central  Asia,  prepared  for  the  exhibition  of  the  last  International 
Congress  of  Orientalists. 

From  the  AcademiedeMontpellier:  Facnlt^  deM^decine.  Theses  de 
Moatpellier.    1870-1875.     Moutiwllier,  47  volomes.    4to. 

From  tbe  Spanish  Centennial  Commission,  Philadelphia:  Coleccion 
de  Docamentoa  intJditos  del  Arcbivo  General  de  la  Corona  de  Aragon. 
Vols,  i-sxsis.  Barcelona,  1853-1871.  Svo. — Memorlas  de  la  Academia 
de Gienciasde Madrid,  vol. i;  vol.ii,pt.2;  vol.iii-v^  Madrid,  1350-1865. 
4to. — Memorlas  de  la  Real  Academia  de  Cioncias  Morales  y  Politicas. 
Yol8.i,li.  Madrid,  1861-1867.  4to.— Disc^r8osdeRec6pcionydeConte8^ 
aeion  Leidos  ante  la  B.  Academia  de  Cieocias  Morales  y  Polittcaa,  1860- 
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1875.  Madrid,  1875.  Svo. — Discarsos  Leidos  en  la  Real  Academia  de  la 
Hiatoria,  1852-1875.  Madrid.  8vo.— Oortes  de  Leon  y  de  Castilla.  Vols, 
i-iii.  Madrid,  1361-1866.  4to.— Distoria  de  la  Universidad  de  Granada. 
Grauada,  1870,  8vo. — Fannacopea  EspaSola.  Madrid,  1865.  8vo,— 
ADtiqiledades  prebistoricas  de  Audalucia.  Madrid,  18G3.  Svo. — Estudo 
social  y  politico  de  los  Madejares  de  Caatilla.  Madrid,  1866.  4to. — Estn- 
dies  Filosofia  del  Dereclio,  per  Don  M.  A.  Martinez.  Madrid,  1871. 
Svo. — Catalogo  Bibliograflco  y  Biografico  del  Teaslo  Antiguo  EspauoL 
Madrid,  1860.  Ito. — Diccionario  de  Bil)Iiogra&ca  Agrouiimica.  Madrid, 
1865.  4to. — ClassificacioQ  General  de  los  Moutea  Publioos.  Madrid, 
1359.  Ho. — Koticia  del  Museo  Arqueologico  Nacioual.  Madrid,  1876. 
Svo.  (6  copies.) — Estadistica  de  los  Montes  Fublicos,  1S61-1S65.  Mad- 
rid, 1876.  ito. — GotnisioD  de  la  Flora  Bspauola.  Madrid,  1870.  4to. — 
Menioria  sobre  la  iDUDdacion  delJ&caren  1861.  Madrid,  1866.  4h).— 
And  22  volumes  and  30  pamphlets  on  education,  medicine,  &c.. 

From  tbe  Swiss  Centennial  Commission,  Pliiladelpbia:  Gescbichte  der 
Gesellscliaft zar  Beforderang  des  Guten  nnd  Gemeiniltzigen  Jalire,  1-98, 
1827-1874.  Basel.  Svo.— Folio  volume  of  Geological  Charts,  pablisbed 
by  Wurster,  Eaodegger  &  Co.,  Wiuterthen. — 2S  volnmes  on  Swiss  rail- 
roads.   Folio  and  4to. 

From  the  Tnrkish  Ceatennial  Commission,  Philadelphia ;  I/Architec- 
tare  Ottomane,  oavrage  autorisS  par  Irad6  imperial  et  pabli4  sons  le 
patronage  de  Son  Excellence  Edkem  Faclia.  OoDstautioople,  1873. 
Folio.  (2  copies.) — Les  Costumes  Populaires  de  la  Tnrqnie  en  1873. 
Constantinople,  1S73.    4to.    (2  copies.) 

From  the  Netherlands  Centennial  Commission,  Philadelphia :  Arch- 
ives du  Mus^e  Teyler.  Vols,  i-iii.  Haarlem,  1868-1S74.  4to.— La 
Chirurgie  Militaire  par  W.  C.  Gori.  Amsterdam,  1874,  8to. — Des  Hopi- 
tanx,  Tentes  et  Baraques,  par  W.  C.  Gori.  Amsterdam,  1872.  8vo. — A 
Sketch  of  the  Public  Works  in  the  Netherlands.  ByL.C.  Von  Kerkwyk. 
Haarlem,  1876.  8vo.— International  Exhibition,  Philadelphia,  1876; 
Special  Catalogae  of  the  Netherlands  section.  Amsterdam.  8vo. — Cata- 
logue of  the  Collective  Exposition  of  the  Netherlands  Booksellers' Asso- 
ciation. Amsterdam,  1876.  Svo.  Elementary  and  MlddleClass  Instrac- 
tion  in  the  Netherlands.    Leyden,  1876.    Svo. 

From  the  New  South  Wales  Centennial  Commission,  Philadelphia: 
Letters  of  Begistratiou  of  Inventions.  Vols.  i-iv.  Sydney,  1875. 
Folio.— Newspapers  published  in  New  South  Wales  in  1S75,  8  folio  vol- 
umes.—Annual  report  of  the  Department  of  Mines  of  New  South  Wales, 
1S75.  Sydoey.  4to. — Mines  and  Mineral  Statistics  of  New  South  Wales. 
Sydney,  1875.  Svo. — Catalogne  of  the  Library  of  the  Mechanics'  School 
of  Arts,  Sydney.  8ro.— Official  Catalogue  of  the  Natural  and  Industrial 
Products  of  New  South  Wales.  Sydney,  1S76.  8vo.— New  South  Wales. 
By  Charies  Eobinson:    Sydney,  1873.    8vo. 

From  the  South  Australia  Centennial  Commission,  Philadelphia:  Fha 
of  the  southern  portion  of  the  Province  of  South  Australia  as  divided 


iiyGoO^lc 


HEPORT  OF  THE   8ECRETABY.  33 

into  contities  aod  hundreda,  showing  agncaltnral  areas,  post-towns,  tele- 
graph-stations, main  roads,  and  railways ;  oompiled  fVom  oEQcial  docu- 
ments. 1876.  Elephant  folio. — Flora  of  Sonth  Australia,  2  volnines. 
Folio. — Ferns  of  Australia,  31  sheets. 

From  tbe  Peruvian  Centennial  GommissioD,  PhUadelphia:  £1  Correo 
delPeni.  i-v,  1871-1875.  Lima.  Folio.  {5 copie8.)-BlBoletin Municipal. 
"Vol.  i.  1874.  Lima.  4to. — Anales  Uuiversitarios  del  Peru.  Vols,  i-vii. 
Lima,  1862-1S73.  8vo. — Defensa de  la  Autoridad  de  los  Gobiemos  y  de 
losObispos.  yols.i-vi.  Lima,  1849.  Sto. — DicciouariodelaLegislacioD 
Peruana.  Vols,  i,  ii,  and  snppl.  Lima,  186(>-1864.  4to.— Anales  de 
Cuerpode  Ingenieros  del  Pern,  i,  ii.  Lima,  1874.  4to. — Documentos 
Historicos  del  Pern.  i-vi.  Lima,  1863-1874.  8vo. — Documentos  Lite- 
rarioa  del  Pern.  1-vL  Lima,  1863-1574.   8to.— ElPeru.    Tomei.    Lima. 

1874.  4to. — Oompilacion  de  las  Vistas  Fiscales.  i,  ii.  Lima,  1873-1875 
4to. — Belaciones  de  los  Vireyes  y  Audieucios.  i-iii.  Lima,  1867-1872. 
Sro. — And  91  volumes  and  93  pamphlets,  Theology,  Edncation,  &c. 

From  the  Argentine  Centennial  Commission,  Philadelphia :  Coleccion 
de  Obras  y  Docnmeutos  sobre  el  Rio  de  la  Plata,  por  Pedro  de  Angelis. 
Vols.  i-vi.  Bnenoa  Aires,  1836,  1837.  4to.— Anales  del  Museo  Pu- 
blico de  Buenos  Aires.  Vols,  i,  ii.  Buenos  Aires,  1864-1874.  Folio. — 
Correo  del  Domingo.  Vols.'  i-viii.  Bnenos  Aires,  1864-1867.  Folio. — 
Revista  Argentina.  Vols,  i-xiii.  Buenoa  Aires,  1868-1872.  8to. — La 
Bevista  de  Buenos  Aires.  Vols,  i-xxiv.  Buenos  Aires,  1363-1871. 
870. — Bevistd  del  Kio  de  la  Plata.    Vols.  i-z.    Buenos  Aires,  1871- 

1875.  8to. — Beviata  Medico-Quii6rgica.  Tomi  i-xi,  Buenos  Aires, 
1864-1875.  Svo. — Boletin  de  la  Exposicion  yacioual  de  Cordoba.  Vols. 
i-Tii.  Buenos  Aires,  1809-1873.  8to. — Revista  del  Archivo  General 
de  Bnenoa  Aires.  Vols.  i-iv.  Bnenoa  Aires,  1869-1872.  Sro. — Bole- 
tin  de  la  Academia  Nacional  de  Ciencias  Exactas.  Tomo  i.  Buenos 
Aires,  1874.  8vo. — Anales  de  la  Sociedad  Rural  Argentina.  Vols,  i- 
iz.  Buenos  Aires,  1867-1875.  8vo. — Galeria  de  Celebridades  Argen- 
tinas.  Buenos  Airea,  ]857.  Folio. — Las  Oaballos  Fosiles  de  la  Pampa 
Argentina.  Buenos  Aires,  1875.  Folio. — Enseuanza  Publica  en  Bue- 
nos Aires.  1863.  Folio.— £1  Plato  Illnstrado.  Vols,  i,  ii.  Buenoa 
Aires.  1871, 1872.  Folio.— La  Plata  Monataschrift.  Vols,  i-iii,  1873- 
1875.  Folio — EegiatroEatadisticodeBuenosAires.  1868-1873. Folio.— 
CoDcordancias  y  Fundamentos  del  Codigo  Civil  Argentine.  Vols,  i-xvi. 
Buenos  Aires,  1873-1875.  8vo. — Begistro  Nactonal  de  la  Repnblica 
Argentina.  1851-1874  {18  vols.)  8vo. — Kegistro  Oficial  de  Buenos 
Airea.  1821-1356.  8vo.  Historia  de  Bclgrano,  por  BartolomS  Mitre, 
i-iv.  Buenos  Aires.  1858,  1859.  8vo.  And  97  volumes  and  62  pam- 
phlets, chiefly  government  documents. 

From  tbe  Queensland  Centennial  Commission,  Pbiladelphia :  Queens- 
laud  Government  Gazette,  1874, 1875.  Brisbane.  Folio.  3  vols. — The 
Queensland  Statutes.  Vols,  i-iv  (2  copies).  Brisbaue.  1874.  4to. — 
Qaeensland  Parliamentary  Debates.    Vols,  xvi,  xvii.    Brisbane.    1874. 
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Svo. — Tbe  Qaeenstaad  Almanac,  1874.  Brisbane.  8vo.  2  copies, — Sta- 
tistics of  the  OoloDy  of  Qaeenslaod,  1870, 1871,  1872,  1873.  Brisbane. 
4to. — Public  Acconnts  of  Queensland,  1874.  Brisbane.  4to. — Queens- 
land Garden  Manual.  Brisbane.  1875.  Svo. — Catalogue  Qaeen^nd 
Exiiibition.    Brisbane.     1875.     Svo.    6  copies. 

From  the  Venezuelan  Oent«nnial  Gommissiou,  Pbiladelpfaia :  32  quarto 
volumes  of  government  documents. 

From  tbe  Portuguese  Centenuial  Commission,  Philadelphia:  Bevista 
de  Obras  publicas  e  Minafi,  Pnblica;^  Menaal  da  Aasocia^So  dos  Ed- 
geuheiros  Civis  Portnguezes.  Vols,  i-vi,  Lisbon,  187(>-1875.  Svo.— 
Oeographia  e  Estadistica  geral  de  Portugal  e  Oolooias,  por  G«rardo  A. 
Pery.  Lishon,  1875.  Svo. — Portuguese  Special  Catalogue  Interna- 
tional Exhibition,  187C.  Svo. — 3  sets  of  works  published  by  the  direc- 
tion of  geodetical  labors,  and  80  pamphlets.  Annaes  de  Observatorio 
do  Infante  D.  Luiz.  Vols,  i-xii.  Lisboa,  1856-1874.  Folio.— Movi- 
mento  Oommerctal  de  Portugal.  Mappa  des  valores  importados  dos 
productos  Cbymicas,  Oommas  e  Bezenas,  Tabacoa,  &o.  (26  framed 
maps.)  Specimeu  de  Fundijao  de  Typos  da  Imprensa  Nacional.  Lis- 
boa, 1876.  4to. — Carta  Constitucional  da  Monarchia  Portngueza.  Lis- 
boa, 1876.  4to. — Godigo  Commercial  de  Signaes  para  nso  InternaciODal. 
Lisboa,  1868.  8ro.— A  Delflua  do  Mai.  Poema  por  T.  Ribeiro. 
Lisboa,  1868.  Svo.— Didascalia  ^thiopum.  (Desumpta  ox  editioae 
Londiuensi  Thom»  Pell  Piatt,  1834.)  8vo.— Luiz  de  Camoes  Episodio 
de  Ignez  de  Castro.  Estrahtdo  do  Canto  Tereeiro  do  Pcema  Epico  Las 
Lusiadas.  Lisboa,  1873.  4M.— Kecreio  Apolliueo.  4to. — Cancioneiro 
d'Evosa  par  V.  E.  Harding.    Lisboa,  1875.    Svo. 

From  the  Mesieau  Centennial  Commission,  Philadelphia:  Histonft 
Parliamentariadel  CuartoCongreso  Constitucional,  por  PautaleonTovar. 
Vols,  i-iii.  Mexico,  1872-1874.  4to.— Diccioiiario  Geograflco  y  Bsta- 
distico  de  la  Bepublica  Mexicana.  Vols,  i-iii.  Mexico,  1874,  1875. 
4to.— Memoria  de  Hacieuda  y  Onidito  Publico,  180S-1875.  Mexico, 
4to. — Tratacto  do  Admiiiistracion  y  Coutabilidad  de  los  Candales  del 
Gobieruo  General,  por  Julio  Jimeuez.  Mexico,  1868.  Folio. — Diccion- 
ario  de  la  Legislaciou  Mexicaua.  Parts  1-64.  1868-1871.  Folio.— La 
Naturaleza.  Vols,  i-iii,  pts.  1-15.  Mexico,  1870-1875.  Eoy.  8vo.— I^ 
Enseiianza.  Vols.i.ii.  Mexico,  1872-1874.  Folio.  And  73  volumes  and 
133  pamphlets,  chiefly  goverumeut  documents. 

From  tbe  New  Zealand  Centennial  Commission,  Philadelphia :  Trans- 
actions and  Proeeediugs  of  the  New  Zealand  lustitute.  Vols,  i-""- 
Gydney,  1868-1875.  8vo.— Census  of  New  Zealand,  1874.  Welliugt*"'' 
1875.  Folio.— Statistics  of  New  Zealand,  1874.  "Wellington.  Folio-"- 
History  of  the  Birds  of  New  Zealand,  by  W.  L.  Duller.  London,  18^* 
4to.— New  Zealand  Exhibition,  1865.  Reports  aud  Awards.  DunediOi 
1866,  8vo.— The  Official  Hand-Book  of  New  Zealand.  London,  1875. 
Svo. — Catalogue  ofMariueMollusca  of  New  Zealand.  Wellington,  187J' 
8vo.— Catalogue  of  Tertiary  MoUusca  of  New  Zealand.     WellingWDi 
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Z873.  8vo.— Meteorological  Keport,  1868,  1870.  Wellington  8?o.— 
Fishes  of  New  Zealaod.  Wellington,  1872,  8vo. — Catalogue  of  the  Birds 
of  New  Zealand.  Wellington,  1871,  8vo. — Catalogue  of  the  Echinoder- 
msta  of  New  Zealand.  Wellington,  1873.  8vo. — GutalogaeofLand  Mol- 
lascaofNcw  Zealand.  Wellington,  1873.  8vo. — Critical  List  of  the  Mol- 
lUBca  of  New  Zealand.  Wellington,  1873.  Sto. — Phormiam  Tenaz  as 
a  Fibrons  Plant.  WelliDgtou,  1873.  8vo. — Beports  of  Geological  Ex- 
plorations during  1870-'71, 1371-'72.     Wellington,  1871, 1872.    Sro. 

From  the  Tasmanian  Centennial  Commission,  Philadelphia :  Jonroat 
of  the  Hooee  of  Assembl;,  with  appendices,  vols,  viii,  ix,  xii-xv,  xxii, 
xxrii-xxix.  Hobart  Town,  1862-1875.  Folio. — Journals  of  the  Legisla- 
tive Coonoil  (with  papers).  Vols,  xix-xxii.  Hobart  Town,  1873-1875. 
Folio.— Statistics  of  the  Colony  of  Tasmania,  1873,  1874,  1S75,  1S7C. 
Hobart  Town,  1874-1877.  Folio.— Welch's  Tasmani'an  Gnide-book. 
Hobart  Town,  1871.  8vo.  (2  copies). — Welch's  Tasmanian  Almanac, 
1866, 1867.  Hobart  Town.  8vo.  (2  copies).— Experience  of  Forty  Years 
in  Tasmania,  by  Hugh  M.  Hull.  London,  1859.  12mo. — A  Description 
of  the  Island  of  Tasmania.  Lannceston,  1876,  Svo. — Standing  Rules 
and  Orders  of  the  Legislative  Council,  1875, 13mo. — Slap  of  Tasmania 
(3  copies). 

From  the  Victorian  Centennial  Commission,  Philadelphia :  Biograph- 
ical Charts  of  Italian  Painters  of  the  Schools  of  Bologna,  Florence, 
Sienna,  Borne,  and  Naples.  Compiled  by  direction  of  the  trustees  of  the 
Mellmnrne  public  library,  1870.  Vols,  i,  ii.  Elephant  folio. — Eeport  of 
tbe  proceedings  taken  under  the  provisions  of  the  Land  Act  of  1869 
daring  1873.  Melbourne.  4to.— -Abstracts  of  Specifications  of  Patents. 
Metals.  1854-1866.  Melbourne,  1872.  4to.— Patents  and  Patentees. 
Indexes  for  the  years  1854-1873.  Vols,  i-viii.  Melbourne,  1868-1875. 
4to. — Hospitals  for  the  Insane,  Beports,  1870-1873.  Alelbonme.  4to. — 
Melbourne  Public  Library.  Reports,  1870-1875.  4to. — Catalogues  of 
Public  Library,  Snpreme  Court,  and  National  Museum.  4  vols.  Mel- 
boarue.  4to. — And  31  volumes  and  16  pamphlets,  miscellaneous. 

LABOBATOHY. 

Daring  tbe  summer  tbe  laboratory  was  closed,  Dr.  Endlich,  tbe  min- 
eralogist of  the  Institution,  having  been  engaged  on  the  snrvey  under 
Dr.  Hayden.  Mr.  Fred.  W.  Taylor  of  this  city  occupied  the  laboratory 
for  some  time  in  the  autuum,  and  made  analyses  of  mineral  waters  and 
specimens  of  ores,  &c.,  which  had  been  sent  to  the  Institution  for  exam- 
ination. 

As  specimens  are  constantly  being  received  by  the  Institution  from 
all  parts  of  the  country,  with  the  request  that  a  report  be  made  as  to 
their  character  or  constituents,  it  may  be  well  to  call  attention  to  the 
roles  adopted  for  their  examination. 

1.  Qualitative  examinations,  that  is,  for  determining  tbe  constitnents 
of  tlie  specimens,  are  made  without  charge. 
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2.  Quantitative  examiDations,  or  the  deterintDatioit  of  the  percentage 
of  the  different  components  of  the  specimens,  caa  only  be  made  at  the 
expense  of  the  applicant;  tbe  cliarge  to  be  in  proportion  to  the  time 
expended  in  tbe  work,  e,  g.,  from  $5  to  $50,  according  to  whether  it  is 
partial  (deter mioation  of  silver,  lead,  or  iron,  &c.,  only),  or  full  (deter- 
mination of  eveiy  thing). 

3.  The  report  of  quantitative  examinations  will  be  given  nndec  the 
name  of  the  expert  to  whom  the  specimen  shall  be  submitted,  and  not 
nnder  that  of  the  Smithsonian  Institution. 

4.  All  applications  for  the  determination  of  specimens  mnst  be  made 
by  letter,  addressed  "Secretary  of  the  Smithsonian  Institution." 

5.  The  specimens  examined,  or  part  of  them,  will  be  retained  by  tbe 
Institution. 

6.  All  specimena  to  be  delivered  to  the  lostitntion  tn&  of  expense. 

NATIONAL  MUSEUM. 

Tbe  National  Mnaeum  was  established  by  the  Qovemment  in  1842,  at 
which  time  it  consisted  principally  of  specimens  collected  by  the  Wilkes 
exploring  expedition.  It  was  transferred  from  the  Patent  Office  to  tbe 
care  of  the  Smithsonian  Institation  in  1S58,  where  it  has  been  enlarged 
by  all  the  collections  made  by  exploring  and  surveying  parties  of  the 
several  bureaus  of  the  War,  Havy,  Treasury,  and  Interior  Departments, 
and  those  of  tbe  Smithsonian  Institution. 

The  following  report  from  Professor  Spencer  F.  Baird,  assistant  sec- 
retary, gives  an  account  of  the  additions  to  the  mosenm  and  the  various 
operations  connected  with  it  during  the  year  1877: 

EEPOET  OF  PEOP.  SFBHCEK  F.  BAIBD   ON  THB  MUSEUM. 

Increase  of  the  Museum. — It  was  hardly  to  be  expected  that  the  addi- 
tions to  the  National  Museum  in  1877  should  compare  with  those  of 
187o  and  1876,  including,  as  they  did,  the  results  of  large  expenditares 
for  the  purpose  of  making  a  suitable  exhibit  at  the  International  Exhibi- 
tion of  1876  of  the  ethnology  and  of  tbe  resources  of  the  United  States,  as 
derived  from  tbe  animal  and  mineral  kingdoms,  with  their  accessories. 
The  reduction  in  the  yield,  however,  proves  to  be  much  less  marked 
than  was  anticipated ;  and  the  aggregate  of  receipts  has  been  far  be- 
yond that  of  any  previous  year,  with  tbe  exception  of  those  mentioned. 
The  number  of  donors  was  343,  of  donations  489,  and  of  separate  pack- 
ages 815. 

Aa  heretofore,  the  additions  to  the  Museum  consisted  of  five  classes: 
First,  those  supplied  by  the  dill'erent  goverumeatexpeditious,  in  accord- 
ance with  the  law  of  Congress.  Second,  the  donations  from  private 
individnals,  made  either  spontaneously,  or  in  res[K>nse  to  special  invita- 
tions and  requests.  Third,  tbe  results  of  exchanges,  prosecuted  with 
various  establishments  or  iudividuals  at  home  and  abroad.    A  fourth 
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soDFce  of  supply  ia  from  explorations  made  at  the  expense  of  tbe  Smith- 
sonian InstitntioD.  A  flfth  soarce  of  increase  is  from  porchaae,  which, 
however,  ia  very  insignificant,  and  is  principally  confined  to  specimens 
of  animals  obtained  in  market  or  occasionally  a  single  ethnological  imple- 
ment, offered  under  specially  favorable  ciioumstances.  It  is  in  this  tbat 
tbe  National  Musenm  differs  most  from  establishments  of  its  grade 
tbrongboQt  tbe  world,  which  depend  very  largely  npon  purchases  to  secure 
desired  materials.  Here,  on  the  contrary,  the  space  and  force  at  com- 
mand are  all  fally  reqaired  to  receive  and  care  for  tbe  collections  that 
are  continaally  arriving  from  tbe  soarces  referred  to. 

In  view  of  the  limited  accommodations  for  the  collections  and  of  the 
small  appropriations  for  their  maintenance,  tbe  special  efforts  toward 
the  extension  of  tbe  National  Mnseum  hare  been  restricted,  for  the  most 
part,  to  North  America  and  to  the  most  interesting  sabjeot  of  researcb 
at  tbe  present  day,  that  of  American  aathropology.  Every  possible  ef- 
fort has  been  made  to  invite  contribatiooa  of  facts  and  materials  on  this 
aabject,  and  with  very  gratifying  success.  Tbe  intention  of  the  Smith- 
sonian Institution  to  publish,  whenever  the  proper  means  can  be  obtained, 
an  exbanstive  treatise  on  American  archieology,  with  suitable  illnstra- 
tions,  bas  invoked  tbe  co-operation  of  many  persons  who  desire  to  see  such 
an  end  accomplished ;  and  especially  as  the  Institntion  proposes  to  give, 
tinder  each  gronp,  an  enumeration  of  the  principal  articles  received, 
arranged  by  localities  and  donors. 

Few  portions  of  the  conntry  have  been  without  representation  in  tbe 
ethnological  donations  of  the  year ;  altboagb  certain  regions  have  been 
more  prolific  than  others.  Tbe  largest  additions  from  any  one  source  have 
resulted  from  the  continaed  explorations  of  Rev,  Stephen  Bowers  on  tbe 
main-land  in  the  vicinity  of  Santa  Barbara,  and  on  the  a4jacent  islands 
of  Soatbem  California;  over  forty  boxes  of  material  having  been 
supplied  by  him  alone.  This  exploration  was  made  under  the  auspices 
of  Maj.  J.  W.  Powell,  with  the  co-operation  of  the  Smithsonian  Institu- 
tion. An  exhaustive  report  on  the  subject  will  be  pablished  by  Major 
Powell,  the  collections  themaelves  becoming  tbe  property  of  the  National 
Hnseum. 

With  the  material  heretofore  gathered  in  tbe  same  region,by  Mr.  W.  G. 
W.  Harford,  Mr.  W.  H.  Dall,  Mr,  Paul  Schumacher,  and  Mr,  Bowers  him- 
self, it  is  believed  there  can  never  be  a  better  represen.tation  of  tbe 
archaeology  of  tbe  tribes  of  tbe  California  coast  than  that  now  in  Wash- 
ington. This  embraces  a  great  variety  of  objects  of  stone,  bone,  shell, 
and  wood,  representing  applications  of  these  substances  far  in  advance 
of  those  of  any  other  aboriginal  tribes,  excepting  those  of  the  northwest 
coast. 

The  large  collections  of  similar  character,  made  by  Air.  Bowers,  in 
1875,  in  behajf  of  Lieutenant  Wheeler's  survey,  have  iilso  been  trans- 
fbrred,  in  part,  by  that  office,  to  the  Mnsenm. 

From  Mr.  Lncien  M.  Turner,  late  meteorological  observer  of  the  signal- 
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office,  at  Saint  Michaels,  Alaska,  there  has  been  received  a  coDtioa- 
ation  of  his  extremely  important  collections  of  objects  maoafactored 
and  nsed  by  the  Esqaimaaz  of  Alaska.  This  collection  is  especially 
rich  in  earvinga  on  bone  and  valraa  ivory,  represent!  og  scenes  and  in- 
cidents in  the  life  of  that  people. 

The  lustitntioD  is  indebted  to  Mr.  F.  Hirst,  of  Bridger  Station,  for  many 
interesting  articles  from  the  Ilocky  Mountain  region,  prinoipall;  stone 
implements  of  varions  kinds. 

Frofeeeor  Hayden  baa  presented  a  full  series  of  models  of  the  ancient 
ruins  in  New  Mexico  and  CoIora<lo,  together  with  restorations  showing 
what  was  probably  their  original  character.  These  have  attracted 
mocb  attention,  and  the  promised  continuation  of  the  series  affords  much 
satisfaction. 

]ilr.  Frank  H.  Gushing,  assisted  by  Mr.  Henry  J.  Biddle,  of  Philadel- 
phia, visited  a  cave  near  Hagerstown,  Md.,  and  obtained  many  relics  of 
the  aboriginal  people  who  formerly  inhabited  that  vicinity.  Nomerons 
implements  of  stone  and  bone,  articles  of  pottery,  and  fragments  of  the 
remains  of  aboriginal  feasts,  &c.,  were  collected  and  are  now  in  process 
of  careful  investigation. 

The  most  important  yields  from  the  sbeltbeaps  of  the  United  States 
were  obtained  from  the  shell-mounds  of  Mobile,  by  Colonel  Gaines  and 
Mr.  K.  M.  Cnnniugham,  of  that  city.  These  consist  of  numeroos  articles 
of  pottery,  some  of  them  quite  peculiar  in  form,  and  of  a  material  and 
ornamentation  constituting  almost  a  distinct  class  in  aboriginal  ceramics. 
With  these  were  also  various  articles  of  bone,  stone,  &c.,  the  whole  making 
one  of  tbe  most  important  contributions  of  the  kind  yet  secured  by  the 
N'ational  Mnsenm. 

From  namerons  localities  in  the  int«rior  have  been  received  single 
specimens  or  collections,  partly  from  mounds,  partly  from  graves,  and 
partly  from  the  superficial  soil.  These  will  be  referred  to  in  more  detail 
in  the  list  of  donations.  Among  tbe  more  noteworthy  are  those  presented 
by  Colonel  McAdoo  and  Mr.  McKinley,  from  Georgia ;  Mr.  Perriue, 
from  Illinois;  Mr.  Brodnax  and  Dr.  James, from  Arkansas;  Mr.  Illigg 
and  Mr.  Berlin,  from  Pennsylvania,  and  others. 

A  great  many  possessorsof  rare  and  curious  objects,  indisposed  to  part 
with  them  permanently,  have  freely  lent  them  to  tbe  lustitntion,  for  tbe 
purpose  of  having  copies  made,  and  several  persons  have  been  occupied 
during  a  great  part  of  the  year  in  making  plaster  casts  and  in  paiuting 
tbem  from  tbe  originals  before  their  return. 

A  collection  of  implements  received  from  Mr.  Berlin,  of  Beading,  is 
of  pecniiar  interest  us  representing,  in  all  probability,  tbe  same  palaeo- 
lithic epoch  as  that  which  Dr.  Abbott  has  so  ably  discussed  in  his  paper 
on  tbe  Antiquities  of  New  Jersey,  published  in  the  Keport  of  the  Smith- 
sonian Institution  for  ISTj. 

A  most  valuable  addition  to  tbe  ethnological  collection  consisted  of  a 
series  of  casts  of  the  heads  and  faces  of  sixty-four  Indiana,  held  as  pris- 
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ODers  of  war  at  Saint  Augostiue,  in  Florida,  under  the  charge  of  the 
War  Department  These  were  prepared  daring  the  sammer  by  Mr. 
Olark  MillB,  the  well-known  sculptor,  of  Washington,  who  visited  Saint 
Aagnstiae  for  the  purpose.  It  ia  general!;  difiScnlt  to  induce  an  Indian 
toeubmitto  the  discomfort  and  apparent  danger  of  the  treatment  re- 
qaiied  in  taking  face  oasts,  but  these  prisoners  were  easily  persuaded 
by  Captain  Pratt,  United  States  Infiintry,  who  has  them  jn  special 
charge,  to  allow  the  operation,  and  Mr.  Mills  was  extremely  successful 
in  the  work.  In  addition  to  the  heads,  a  number  of  separate  oasts  of  arms, 
legs,  aod  basts  were  taken,  thns  faroishiug  a  rare  opportnnity  for  study- 
ing the  anatomy  of  the  ludiau,  The  tribes  represented  are  the  Kiowas, 
ComaQcbes,  Arapaboes,  &c.  This  collection  furnishes  not  only  the 
means  of  studying  the  lineaments  of  the  North  American  Indian,  but 
also  answers  the  purpose  of  models  for  lay  figures  on  which  to  place  the 
many  saits  of  Indian  clothing  in  possession  of  the  Museum. 

£xtremely  important  additions  have  been  received  from  several  of 
the  West  India  islands  during  the  year,  some  of  them  unique  aud  pte- 
vioasly  more  or  less  unknown.  Befereuce  has  been  made  in  previous 
reports  to  the  extremely  rich  collection  of  stone  implements  bequeathed 
to  the  National  Museum  by  Mr.  George  Latimer,  aud  of  which  an  illas> 
tiated  account  by  Professor  Mason  is  published  in  the  Smithsonian  Re- 
port for  1876.  Among  articles  of  West  Indian  archaeology  received  in 
1877  are  several  wooden  stools  of  peculiar  shapes,  highly  ornamented 
and  carved,  presented  by  Dr.  William  M.  Gabb  and  Mr.  Frith ;  some 
wooden  idols  of  large  size  and  complex  shape,  also  from  Dr.  Gabb ;  a 
stone  celt,  with  the  handle  and  cutting  portion  in  one  piece,  from  Mr. 
George  J.  Gibbs;  a  stone  celt  inserted  in  its  origiual  handle,  by  Mr. 
Morphy,  and  a  number  of  specimens  of  somewhat  similar  character, 
belonging  to  the  public  library  of  Kassau,  and  lent  for  the  purpose  of 
bdng  figured  and  copied.  Some  collections  of  a  similar  character  made 
by  Mr.  Frederick  A.  Ober  in  Dominica,  Antigua,  aud  elsewhere,  have 
not  yet  come  to  hand. 

Other  extra-limital  collections  received  have  been  a  series  of  very  in- 
teresting articles  of  obsidian  and  stone  from  the  National  Museum  of 
Meiico,  and  some  ancient  Japanese  stone  implements  from  the  Tokio 
Mosenm  in  Japan. 

Of  mammals  quite  a  nnmber  of  specimens  have  been  reteiveil,  the 
most  striking  of  them  being  a  pair  each  of  the  blue  and  white  foxes  of 
Saint  Paul's  Island,  Alaska,  from  the  Alaska  Commercial  Company; 
theskiuof  acinuamoubcar,  from  Mr.  F.  O.  Mattesou;  skins  of  antarctic 
Beals,  from  Captain  Fuller;  and  a  skeleton  of  a  porpoise  of  the  genus 
Tiir$wpa,  new  to  the  Museum,  from  Mr.  Alfred  N.  Lawrence ;  two  skel- 
etons of  the  grampus,  from  Mr.  Small,  of  Provincetown  ;  alcoholic  speci- 
mens of  Platypus  and  Echidna  from  Tasmania,  &c. 

The  collections  of  birds  and  their  eggs  received  during  the  year  have 
been  quite  abundant,  the  most  noteworthy  among  them  being  a  spec!* 
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meo  of  the  everglade  kite  of  Florida,  from  Kir.  George  A.  Boardmui. 
Dr.  James  C.  Merrill,  assistaot  eurgeoD,  United  States  Army,  has  con- 
tributed a  large  collection  of  birds  aud  eggs  from  tbe  Lovrer  Rio  Grande, 
several  of  tbem  new  to  science,  and  others  iiot  previously  known  iritliin 
the  limits  of  the  United  States.  Mr.  Lucieu  M.  Turner  and  Mr.  Nelson, 
of  tbe  United  States  Signal  Service,  stationed  at  Saint  Michaels,  in 
Alaska,  have  also  sent  in  large  numbers  of  tbe  birds  of  Alaska,  includ- 
ing many  very  rare  skins. 

A  series  of  tbe  birds  of  Southern  Illinois  has  been  received  from  Mr. 
Bobert  Bidgway.  Colonel  Brackett  and  Mr.  Hirst  have  furaisbed  sotne 
valuable  specimens  of  birds  and  eggs  from  Wyoming.  From  LienteD' 
ant  Wheeler  and  Dr.  Hayden  have  also  been  received  large  numbers  of 
specimens  collected  in  the  coarse  of  their  respective  sarreys. 

Tbe  Kational  Museum  of  Mexico  has  supplied  a  large  number  of  spedea 
from  that  coantry,  several  of  them  not  before  in  tbe  collection. 

Perhaps  the  most  important  contribution  of  birds  is  that  received  firom 
Frederick  A.  Ober,  as  the  result  of  the  exploration  be  is  now  making 
in  the  West  Indies  under  the  direction  of  the  Smithsonian  lostitntJon. 
These  were  principally  obtained  from  tbe  island  of  Dominica,  and  cod- 
stitQte  by  far  the  largest  series  ever  gathered  in  that  island,  several  rep- 
resenting new  species  and  others  previously  lacking  in  the  Maseani- 
Mr.  Ober  is  still  in  tbe  field,  aud  additional  contributions  from  the  other 
West  India  islands  are  expected. 

The  collections  of  reptiles  have  consisted  in  large  part  of  tbe  speci- 
mens obtained  nnder  tbe  direction  of  Lieutenant  Wheeler  and  Professor 
Hayden,  and  transmitted  by  those  oCBcers.  The  other  additions  have 
consisted  principally  of  turtles  and  soalies,  forwarded  at  the  express  re- 
quest of  tbe  Institution,  to  serve  as  models  in  the  series  of  plaster  casts 
now  in  preparation  for  the  Museum.  The  more  important  contribaton 
in  this  line  are  Mr.  S.  N.  Ferguson,  of  the  large  alligator  snapper  of  tbe 
Lower  Mississippi ;  Mr.  Kobn,  of  the  turtles  in  the  vicinity  of  Ne* 
Orleans;  Dr.  Merrill,  of  those  from  the  Itio  Grande;  Mr.  lUchard,  ot 
those  from  Pennsylvania,  &c. 

A  very  lai^e  living  diamond  rattlesnake  was  obtained  tfarongh  tbe 
assistance  of  Mr.  Way,  of  Sanford,  Fla.;  and  Mr.  Frank  W.  Hey  ward, 
of  South  Carolina,  supplied  a  number  of  living  specimens  of  Siren. 

Of  fishes  the  collections  have  been  very  large,  embracing,  of  course, 
those  gathered  by  the  United  States  Fish  Commission  during  its  labors 
in  difTerent  portions  of  tbe  country.  Tbe  summer's  work  of  tbe  Commis- 
siop  was  prosecuted  on  the  coastsof  Massachusetts  and  of  IiTova  Scotia, 
and  in  the  intennediateseas,exten,diu(;over  the  months  of  July,  Aagnst, 
and  September.  Quite  a  number  of  fishes  not  previously  described  in 
tbe  fauna  of  the  country  were  obtained.  Many  species  in  large  qnan- 
tities  were  gathered  to  serve  the  purposes  of  distribution  to  museums  of 
tbe  United  States. 

The  collections  of  marine  invertebrates,  gathered  under  thesame  ans- 
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pices,  are  also  very  large.  Other  collections  made  by  the  commission 
consisted  of  series  of  the  fresh-water  fishes  of  the  Golambia  and  Clack- 
amas rirers  of  Oregon,  aud  the  McGload  River  of  California,  gathered 
by  Mr.  Livingston  Stone;  of  landlocked  salmon  and  other  fishes  of 
Grand  Lake  Stream,  Maine,  by  Mr.  Charles  Q.  Atkins  j  and  a  great 
variety  of  sea-fishes  from  Wood's  Hole,  Massachusetts,  by  Mr.  Yinal  2f. 
Edvards,  and  of  the  Saint  John's  Biver,  Florida,  by  Messrs.  Buird  and 
Milner. 

A  large  number  of  the  stomachs  of  mackerel,  collected  by  Capt.  H.  C. 
Chester,  famished  the  means  of  solving  an  important  problem  iu  regard 
to  the  food  of  that  fish.  Collections  were  also  made  at  various  points 
by  Mr.  Milner  and  hiaassistants  of  the  Commission.  Mr.  Samuel  Powel, 
of  Newport,  who  has  been  engaged  for  several  years  in  collecting  the 
flshes  of  his  vicinity,  has  added  many  specimens  to  those  already  pre- 
sented by  him  to  the  museum,  and  furnished  much  information  in 
regard  to  the  geographical  distribation  of  species. 

Captain  Hnlbert,  who  was  engaged  as  pilot  on  the  Speedwell  daring 
her  gammer's  craise,  obtained  and  transmitted  a  new  species  of  chi- 
EDfera,  which  is  now  named  C.  plumbea  by  Professor  Gill.  This  was 
taken  on  a  halibat  line,  at  a  depth  of  several  handred  fathoms,  off  the 
coast  of  Nova  Scotia. 

Mr,  E.  Q.  Blackford,  the  well-known  fish-dealer  of  Falton  Market, 
Kev  York,  has  continued  bis  valuable  contributions,  that  have  now  ex< 
tended  over  a  namber  of  years,  securing  and  supplying  to  the  museam 
all  the  rarer  aud  more  remarkable  fishes  received  by  the  New  York 
dealers.  A  large  number  of  specimens  have  been  sent  by  him,  as  enu- 
merated iu  the  list  of  donations,  and  furnishing  a  continued  illustration 
of  that  pnblic  spirit,  liberality,  and  disinterestedness  for  which  we  are 
happy  to  make  a  public  acknowledgment. 

Many  specimens  of  various  food-fishes,  as  salmon,  trout,  wbiteflsh, 
and  the  like,  have  been  sent  by  different  contributors  for  the  purpose  of 
meeting  an  expressed  want  or  of  securing  identification. 

A  very  interesting  series  of  contributions  during  the  year  has  con- 
sisted of  sx>eciniens  showing  the  success  of  the  various  e&orts  made  un- 
der the  direction  of  the  United  States  Fish  Commission  for  the  propa- 
gation of  food-fishes  and  their  introdncttou  into  new  waters.  Among 
these  may  be  mentioned  a  full-grown,  true  shad  canglit  in  the  Ohio 
Eiver  at  Lonisville,  being  one  of  six  hundred  taken  during  the  summer 
nnder  similar  circumstances.  These  were  probably  derived  fhim  the 
stock  introduced  four  years  previously  as  young  fish  into  the  Allegheny 
Kiver  iu  Western  New  York.  This  was  presented  by  the  fish  commis- 
sioners of  Kentucky  through  Mr.  Paok  Thomas. 

A  shad,  also  the  result  of  the  transfer  of  yonug  fish  to  California  sev- 
eral yeara  ago  from  the  East,  was  furnished  by  Mr.  Bassett,  through  Mr. 
B.  B,  Bedding.  The  latter  gentleman  also  supplied  several  specimens 
of  the  food-fishes  of  the  Sandwich  Islands,  of  which  living  specimens 
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had  beeu  traustiiitted  to  the  commissioners  of  California  for  iotroduction 
ioto  that  State. 

A  salmoD,  of  about  twelve  pounds  weight,  caught  in  the  Delaware 
River,  at  Easton,  in  October,  was  supplied  by  Mr.  Howard  J.  Beeder, 
fisb  commisBioner  of  Feonsjlvania.  Ibis  was  supposed  to  have  been 
derived  from  a  stock  introduced  into  tbe  river  in  1873. 

Many  other  eqoally  interestiug  cases  will  be  found  referred  to  in  the 
list  of  douatiODS,  and  more  especially  iu  the  report  of  the  United  States 
Fish  Commissioner  for  1877. 

A  finely-stuffed  skin  of  the  adult  Ontario  salmon  was  presented  by  Mr. 
Samuel  Wilmot,  of  the  Canadian  fishery  department,  at  New  Castle, 
Ontario.  This  was  a  female,  and  especially  interesting  as  haying  fur- 
nished a  quota  of  eggs  during  three  successive  seasons. 

In  consequence  of  an  estended  exploration  of  the  rivers  of  Georgia, 
the  Carolioas,  &c.,  prosecuted  by  Prof.  D.  S.  Jordan,  during  the  last 
summer,  in  part  under  the  auspices  of  the  United  States  Fish  Commis- 
sion, large  numbers  of  species  of  fisti,  several  of  them  previously  nn- 
described,  were  collected,  and  a  series  transmitted  by  Mr.  Jordan. 

Collections  of  tbe  fishes  of  tbe  Ureat  Basin,  and  of  tbe  coast  of  Cali- 
fornia, 'were  received  from  Lientenaut  Wheeler,  as  tbe  result  of  his 
gatherings  in  past  years. 

Of  extralimital  species,  the  most  important  collection  of  fishes  was 
one  received  from  Mr.  G.  Brown  Goode,  assistaut  curator  of  the  National 
Musenm,  gathered  by  Iiim  during  the  past  winter  in  Bermuda.  Some 
species  from  tbe  vicinity  of  tbe  Kerguelen  Islands  were  presented  by 
Captain  Fuller. 

Of  marine  invertebrates,  tbe  principal  collections  were  those  made  by 
the  United  States  Fish  Commissioner.  Some  of  great  interest  were 
obtained  from  Col.  E,  Jewett,  of  Santa  Barbara,  Mr.  James  G.  Swan,  in 
Washington  Territory,  and  others. 

The  collections  of  plants  were  not  very  extensive ;  tbe  most  important, 
however,  were  furnished  by  Lieutenant  Wheeler.  A  valuable  contribu- 
tion consisted  of  a  series  of  specimens  of  Japanese  woods,  representing 
fifty  species,  and  presented  by  the  Tokio  Museum  of  Japan.  These, 
taken  in  connection  with  fifty  other  species  received  by  the  Smithsonian 
Institution  from  the  Japanese  commission  at  tbe  Centennial  Exhibition, 
complete  tbe  series  of  woods  of  Japan. 

Fossil  remains  of  more  or  less  rarity  and  interest  are  represented  by 
a  collection  of  the  Black  Hills  fossils,  gathered  by  Prof.  Henry  Newton, 
whose  untimely  death  science  has  reason  to  deplore.  To  this  is  to  be 
added  a  series  from  Illinois,  collected  by  Mr.  George  Spangler. 

Numerous  collections  of  minerals  have  t)een  added  to  the  musenm ; 
but,  for  the  most  part,  necessarily  stored  with  the  other  accumulations 
for  the  want  of  a  proper  opportunity  of  exhibition.  Tbe  most  important 
of  these  consists  of  a  collection  illustrating  tbe  iron  and  steel  manufac- 
tures of  Swedeu.    This  constituted  the  exhibit  of  that  government  at 
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tbe  exliibition  at  Vienna,  id  1873.  It  woa  presetited  by  the  commis- 
sioner, Mr.  Daunfeldt,  to  the  Philadelphia  Centenuial  CommissiOD,  but 
vaa  not  exhibited,  having  been  stored  in  Philadelphia  until  the  past 
snmmer,  when  it  was  presented  by  the  Centennial  Board  of  Finance  to 
tbe  United  Statea 

Tbi3  exhibit  was  quite  equal  in  value  to  that  displayed  by  Sweden  at 
Philadelphia,  and  which  became  the  property  of  tbe  Institute  of  Miniug 
Enghieers.  Tbe  collection,  amounting  to  about  fifteen  tons  in  weight, 
was  caiefnlly  packed  under  the  supecvision  of  Mr.  Thomas  Donaldson, 
and  forwarded  to  tbe  Institntion. 

Kesars.  Dann  &  Brothers,  of  Philadelphia,  presented  three  boxes  of 
Cbioa  clay  from  an  establishment  in  England,  of  which  they  are  the 
agents. 

Sarveyors-Oeneral  Wasson  and  Hardenbnrg  have  continued  their  con. 
tribdtions  of  specimens  illustrating  tbo  character  of  tbe  ores  in  newly- 
discovered  mining  regions  in  Arizona,  &c.  Mr.  O.  W.  Derry  presented 
scolleotioo  of  silver  ores  &om  the  J.  D.  Dana  Mine  in  Colorado.  Mr. 
Beynolds,  the  United  States  minister  to  Bolivia,  has  transmitted  a  series 
of  copper  ores  of  that  coantry,  and  a  large  number  of  single  specimens 
have  been  received,  sent  in  for  tbe  purpose  of  identi&cation. 

It  will  be  seen,  &om  the  preceding  ennmeratiou  and  from  the  list  of 
donations,  that  the  collections  are  of  varying  magnitude,  some  being 
exhaustive  and  covering  all  branches  of  natural  history,  others  limited 
to  a  single  department  and  sometimes  to  a  single  specimen.  All  these, 
however,  find  their  place,  a  single ol^ect  sometimes  being  more  valuable 
ttian  a  large  collection  in  snpplyiDg  an  important  gap. 

The  most  important  sources  of  supply,  as  will  be  understood  from  what 
has  already  been  said,  have  been  tbe  several  govemment  expeditions, 
puticalacly  those  of  Lieutenant  Wheeler  and  of  Mf^or  Powell ;  the 
articles  of  general  and  natural  history  and  ethnology  obtained  fh>m  these 
tTO  officers  being  of  very  great  magnitude  and  value. 

Tbe  thanks  of  tbe  Institnlioo  are  due  for  1877,  as  in  previous  years, 
to  tbe  Alaska  Commercial  Company,  for  disinterested  and  important 
scrvicee  in  acting  as  its  agent  in  receiving  and  forwarding  specimens 
audsnppliea  transmitted  between  tbe  Smithsonian  Institution  and  its 
cotrespondeuts  on  or  near  the  Pacific  coast  of  North  America  and  Asiaj 
>D  giving  free  transportation  on  its  vessels  to  their  correspondents  and 
tbeir  equipment  and  collections,  as  well  as  subsistence  and  qnarters  at 
its  stations;  in  supplying  objects  of  natural  history,  valuable  in  a  scien- 
tifie  point  of  view  as  well  as  commercially ;  and  in  every  possible  way 
^ring  to  the  Smithsonian  Institution  tbe  benefit  of  its  organization  and 
opportunities  in  the  most  liberal  manner,  and,  in  all  eases,  without  any 
charge  beyond  that  required  for  tbe  reimbursement  of  moneys  actually 
paid. 

l^e  United  States  Signal  Service,  under  General  Myer,  has  taken 
P>rt,  with  its  usual  liberality,  in  tbo  efforts  of  the  Institntion  to  Id* 
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crease  tbe  knowledge  of  tbe  natural  history  of  North  America,  by  allov- 
log  it  to  DomiDate  observers  at  several  of  its  Jforthweatero  posts,  who 
lK>SBessC(l  the  oecessary  interest  and  skill  to  make  collections  and  obser- 
vatioDS.  Noteworthy  among  these  are  Mr.  Lncien  M.  Tnmer,  for  several 
years  stationed  at  Saint  Michaels,  iu  Alaska,  and  his  snccessor  at  that 
post,  Mr.  E.  W.  Nelson. 

Single  collections  bave  been  received  from  time  to  time  from  otiier 
observers  in  the  service.  Bcference  has  been  made  to  Dr.  J.  C.  Merrill, 
of  the  United  States  Army,  who  made  collections  on  the  Lower  Bio 
Grande,  in  the  vicinity  of  Brownsville.  This  gentleman  has  enabled  db 
in  great  measare  to  complete  the  work  begnn  years  ago  by  Dr.  Berlfln- 
dier,  and  continued  by  Lieut.  D.  N.  Couch,  Gen.  Stewart  "Van  Vliet, 
:Mr.  J.  H.  Clark,  Mr.  Arthur  Scbott,  and  other  members  of  the  Mexican 
Bonndary  Survey.  Although  but  a  short  time  resident  at  Fort  Brown, 
Dr.  Merrill  has  already  made  a  great  many  important  additions  to  tbe 
known  fanna  of  that  region.  In  this  he  has  been  aided  by  Mr.  George 
B.  Sennett,  of  Erie,  Fa.,  who  has  also  rendered  valuable  service  to 
science. 

To  Mr.  F.  Hirst,  of  Bridger  Station,  Wyo.,  we  owe  many  important 
contributions  of  birds,  eggs,  ethnological  specimens,  &c.  Col.  A.  G. 
Brackett,  IJ.  S.  A.,  also  stationed  in  Wyoming,  has  likewise  been  a 
valaed  contributor. 

Mr.  Livingston  Stone  has  added  greatly  to  our  knowledge  of  the  fishes 
and  ethnology  of  Oregon  and  California,  by  his  collections  in  conoection 
with  the  operations  of  the  United  States  Fish  Commission. 

Lieutenant  Wittich  has  also  contribnted  toward  the  same  end  io 
Oregon.  Mr.  James  G.  Swan,  for  many  years  a  collaborator  of  the  Id* 
stitution,  and  who,  in  1875  and  1876,  transmitted  such  extensive  coUeo 
tious  of  ethnologica  for  the  Centennial  Exhibition  of  the  Indian  Bureau, 
has  also  made  large  contributions  of  various  objects,  during  the  year, 
from  Fuget  Sound. 

The  sea-coast  has  been  well  explored  by  the  United  States  Fish  Com- 
mission on  the  coasts  of  Massachusetts  and  Nova  Scotia,  while  the  flslies 
of  Narragansett  Bay  and  vicinity  have  been  investigated  by  Mr.  Sam- 
uel Fowel,  of  Newport. 

The  collections  of  birds  and  ethnologica  from  tbe  National  Mnseumof 
Mexico  have  been  already  adverted  to,  and  relations  have  been  estab- 
lished between  the  national  museums  of  the  two  conutries,  which  we 
hope  will  tend  to  their  mutual  benefit. 

The  residence  of  Mr.  G.  Brown  Goode  iu  Bermuda  during  tbe  wioter 
of  1S76,  has  been  x»roductive  of  very  desirable  resnlts ;  full  series  of  tli« 
fishes,  invertebrates,  corals,  &c.,  having  been  gathered. 

The  attention  of  the  Smithsonian  lustitutiou  ha4  for  many  years  be^ 
directed  toward  a  thorough  investigation  of  the  natural  history  aod 
ethnology  of  the  West  India  Islands,  and  extensive  explorations  and 
collections  have  beeu  effected  through  its  agency  in  past  years,  m 
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tbe  Bahamas,  Jamaica,  Cuba,  Hayti,  St.  Domingo,  Porto  Bico,  St. 
Thomas,  Saota  Ornz,  and  ADtigaa ;  tbua  coveriug  very  largely  tbe  west- 
era  portioDS  of  tbe  gronp,  or  the  Greater  and  Lesser  Antilles. 

For  the  purpose  of  obtaioing  at  least  a  general  idea  of  the  other 
islands  more  eastward,  and  of  having  them  represented  in  tbe  Kational 
Mnsenm,  the  Smithsouiao  Insti tattoo,  in  tbe  fall  of  1S76,  made  an  engage- 
ment with  Mr.  Frederick  A.  Oher  to  proceed  to  that  region,  aod,  if  pos- 
sible, visit  every  island,  large  and  small,  occupying  several  years  in  the 
labor.  Tbe  islands  of  Dominica,  St.  Vincent,  Barbnda,  Aotigaa,  &c., 
have  been  explored  by  Mr.  Ober  up  to  the  present  date. 

The  subjects  to  which  his  attention  was  especially  called  were  the 
archieology  and  ethnology  of  the  islands,  and  their  vertebrate  animals. 
He  baa  sacceeded  in  finding  remnants  of  tbe  ancient  Carib  tribes, 
especially  in  Dominica,  and  baa  obtained  nnmeroas  photographs  of  the 
people  and  specimens  illnstrative  of  their  handiwork.  His  collections 
of  birds  have  also  been  very  extensive,  embracing  several  undescribed 
q>edeB,  and  others  of  great  rarity,  or  not  previously  represented  in  tbe 
National  Mnsenm. 

Beference  baa  been  made,  in  previous  reports,  to  the  large  collections 
made  at  tbe  Kerguelen  Islands  by  Dr.  J.  H.  Kidder,  wfaile  connected 
vith  the  Transit  of  Yeons  Expedition.  Some  important  deficiencies  of 
specimens,  however,  not  procurable  during  Dr.  Kidder's  visit,  have  been 
obtained,  at  bis  request,  by  Captain  Fuller,  of  tbe  merchant  service, 
and  presented  to  tbe  Institution. 

Seientifie  investigatUm  of  the  collections.— As  in  previons  years,  tbe 
collections  of  the  National  Mnsenm  have  been  freely  intrnsted  to  com. 
petent  naturalists  for  investigation  and  description;  and  much  bas 
been  accomplished  toward  their  proper  classification  and  Identification. 
Specimens  of  certain  gronps  of  mammals  have  been  intrnsted  to  Dr. 
Elliot  Coues,  of  tbe  United  States  Army,  and  Mr.  J.  A.  Allen,  of  Cam- 
bridge, who  are  preparing  a  series  of  monographs  for  publication,  nnder 
tbe  direction  of  Dr.  Hayden.  A  magnificent  quarto  by  these  two  gen- 
tlemen, forming  volume  xi  of  tbe  Reports  of  tbe  Government  Surveys 
of  tbe  Territories,  aod  occupying  1100  pages,  is  devoted  excln&ively  to 
the  Eodentia,  the  materials  derived  almost  entirely  from  the  National 


Other  important  monographs  on  the  fur-hearing  animals  and  on  the 
insectivora  have  been  likewise  prepared  by  them. 

Tbe  birds  of  America  outside  of  the  United  States,  and  those  of  the 
West  Indies,  have  been  p  laced  in  tbe  bands  of  Mr.  George  N.  Lawrence 
*bo  has  published  a  number  of  papers  upon  them,  describing  several 
new  species,  principally  from  the  collections  of  Mr.Ober  and  of  Mr.  Brace, 
of  Kasaau.  Mr.  Ridgway,  the  assistant  in  charge  of  tbe  department  of 
ornithology  in  tbe  museum,  has  made  investigations  into  the  scientific 
nlations  of  the  raptores,  the  herons,  &c.,  and  published  several  monO' 
graphs. 
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The  reptiles  hare  been  placed  in  the  hands  of  Prof.  E.  D.  Cope  fiw 
investigation. 

The  fishes  have  been  elaborated  by  Prof.  Tlieodore  OiU,  Mr.  0.  Brown 
Ooode,  Dr.  T.  H.  Bean,  and  Professor  Jordan.  The  latter  gentlemaa 
has  prepared  some  important  monographs  relating  to  the  fresli-wat«t 
fishes  of  the  United  States  from  the  specimens  of  the  Kational  Mnsenm, 
describing  many  new  species. 

Mr.  William  H.Dall  has  had  charge  of  the  Molln3ca,aDd  has  described 
some  new  species.    Others  have  been  snbmitted  to  Mr.  Thomas  Bland. 

The  marine  invertebrates  collected  by  the  United  States  Fish  Commis- 
sion are  in  the  hands  of  Prof.  A.  B.  Verrill,  of  Tale  College,  the  special 
collaborator  of  the  Commission.  In  their  examination  be  has  been 
assisted  by  Prof.  Sidney  I.  Smith,  of  the  same  iostitotion.  Estensive 
monographs  are  in  preparation  by  them,  to  be  published  by  the  Com- 
mission. 

The  sponges  have  been  sent  to  Professor  Hyatt,  of  Boston,  our  chief 
authority  on  that  subject. 

The  fossil  invertebrates  have  been  investigated  by  Prof.  0.  A.  White, 
the  palseontologist  of  Dr.  Hayden's  survey. 

Id  accordance  with  an  arrangement  of  several  years'  standtog,  the 
collections  of  all  vegetable  snbstances,  and  of  Insects,  have  been  trans- 
ferred, as  received,  to  the  Department  of  Agricultare,  and  these  have 
been  properly  elaborated  by  the  officers  in  charge  of  the  several  depart- 
ments of  its  mnsenm. 

The  ethnological  specimens  have  been  studied  carefnily  by  Dr.  Ban 
and  Mr.  Cnsbing,  in  charge  of  the  department  of  the  ethnological  col- 
lection. Prof.  O.  T.  Mason,  and  others.  Professor  Mason  has  published 
a  paper,  with  numerous  illnstrations,  upon  the  collections  from  Porto 
Eico,  in  the  Smithsonian  Report  for  1876. 

Work  done  in  the  museum. — The  force  in  the  museum  occupied  in  the 
arrangement  of  the  collections  was  necessarily  dimtaished  on  account 
of  the  reduction  of  the  Congressional  appropriation,  bat  all  those  re- 
tained have  been  diligently  occapied  in  catalogning  the  collectioDS,  in 
preparing  and  arranging  them  for  exhibition,  and  in  identifying  and 
describing  them. 

As  will  be  seen  by  a  table  in  the  appendix,  the  total  number  of  entries 
of  specimens  during  the  year  amounted  to  11,393.  Although  this  is 
not  quite  eqaal  to  the  number  recorded  in  1876,  it  is  considerably  in 
excess  of  the  receipts  of  any  previous  year. 

Tbe  labor  of  receiving  the  specimens,  ascertaining  their  exact  origioi 
distributing  them  among  the  varions  departments,  giving  to  them  tbe 
treatment  necessary  for  their  permanent  preservation,  and  finally  their 
identification  and  entry,  and  deposit  in  a  suitable  place,  is  very  gre^^t 
no  single  day  passing  without  some  fresh  addition  of  material  requir- 
ing all  these  precaotions.  It  is,  however,  believed  that  the  yationsl 
Mnsenm  will  compare  favorably  with  any  establishment  of  its  fcio^ 
in  the  accomplishment  of  this  necessary  work  with  its  actual  force. 


BEPOBT  OF  TBB   8BCRETABV.  47 

Dittribution  of  duplicate  spedmena. — A  very  large  portion  of  tbe  labor 
dariog  tbe  year  has  been  directed  toward  tbe  selection  and  latteling, 
recording  and  packing,  of  dnplicate  specimens  for  distriba  tioo,  in  accord- 
ance with  tbe  act  of  Gongresa  providing  for  the  same. 

In  additioD  to  a  large  nomber  of  single  specimens  or  small  series, 
supplied  as  tbe  result  of  special  application,  a  number  of  collections 
have  been  prepared  embracing  many  extremely  rare  and  desirable  ob- 
jects. Among  tbe  most  important  of  these  may  be  mentioned  twenty- 
five  sets  of  fishes,  each  containing  seventy-five  to  one  hundred  and 
fif^  species.  These  bavo  been  carefully  identified  and  labeled,  under 
tbe  supervision  of  Professor  Gill  and  Dr.  Bean,  and  have  constituted 
extremely  acceptable  additions  to  the  musenms  to  which  they  have 
been  sent. 

Other  series  of  magnitude  consist  of  birds'  eggs,  shells,  bird-skins,  &c. 

A  lai^  number  of  series  of  diatomaceons  earths  have  also  t>een  sup- 
plied, embraeing  forty  or  fifty  different  localities,  many  of  them  unknown 
to  tbe  investigator.  Tbe  demand  for  them  is  very  great,  and  taxes  tbe 
ability  of  tbe  person  in  charge  to  meet  it. 

If eceiiity  of  increased  aceommodoHons  for  the  museum, — ^The  necessity 
hr  more  space  has  already  been  adverted  to  in  tbe  report  for  1876, 
vbere  full  details  will  be  found  on  tbe  subject.  It  may  l>e  only  neces- 
sary here  to  say  that  the  exigency  is  greater  tbau  ever,  in  view  of  tbe 
largely-increased  collectious  of  the  year  and  the  deterioration  caused 
to  tbe  animal  and  metallic  specimens  iu  consequence  of  their  being 
boxed  up  and  out  of  tbe  reach  of  proper  care.  Very  serious  losses  have 
already  been  experienced  iu  tbe  collections  of  wools,  animal  fibers,  &c., 
and  from  tbe  rusting  of  the  specimens  of  iron  and  steel,  and  it  is  earnestly 
hoped  that  the  nest  report  may  chronicle  tbe  initiation  of  measures  by 
Congress  for  relief  in  this  direction. 

At  present  it  is  reasonable  to  estimate  that  the  articles  worthy  of 
exhibition,  but  withdrawn  from  view,  are  several  times  greater  in  extent 
than  those  at  present  displayed,  and  that  a  correspondingly  enlarged 
building  is  required  for  their  display. 

ThecoUections  thus  withdrawnfrom  exhibition  consist  notonly  of  those 
most  Interesting  to  tbe  naturalist,  bnt  also  of  such  as  are  of  the  highest 
iadastrial  value  to  the  country,  and  will  add  greatly  to  tbe  means  of  tech- 
nical iDStrnctiou,  embracing  as  they  do  iilnstratious  of  different  kinds  of 
building-stone,  ores  of  all  kinds,  earths,  china  aud  (wrcelain  clays  with 
the  products  derived  from  them,  illustrations  of  the  animal  products  of 
the  country  in  tbe  way  of  furs,  oils,  gelatines,  glues,  fibers,  hair,  bristles, 
chemical  products,  &c.,  and  a  great  variety  of  articles  to  which  refer- 
ence is  made  in  tbe  report  for  187G. 

FISH  CULTUHB. 

The  labors  of  the  United  States  Fish  Commission,  under  Professor 
Baird's  direction,  have  been  prosecuted  through  the  year  with  very  sat* 
isfactory  results.  ,  -  ■ 

XiOOgle 


48  EEPOKT  OP  THE  SECEETAKT. 

As  io  previoDS  years,  the  operations  have  been  carried  oa  ander  two 
distinct  divisions;  first,  the  inquiry  into  the  conditioD  of  the  American 
fisheries;  and  secondly,  the  mnltiplicatioD  of  useful  food-fishes  in  the 
rivers  and  lakes  of  the  United  States. 

The  first  division  embraces  a  critical  examination  into  the  phy^cal 
and  biological  character  of  the  waters,  such  as  the  determination  of 
their  temperature  in  different  seasons,  their  carrents,  tbeir  chemical 
composition,  the  character  of  the  bottom,  and  the  precise  nature  of  the 
animal  and  vegetable  life  occurring  therein,  with  their  mutual  relatioDs; 
as  also  the  infineuces  which  may  tend  to  affect  the  abundance  and  the 
distribution  of  the  fish  in  different  seasons,  whether  by  natural  causes, 
artificial  impediments  or  obstractions,  or  by  excessive  fishing.  Worlc 
in  this  direction  has  been  conducted  since  1871,  and  has  resulted  in 
supplying  a  minute  and  satisfactory  knowledge  of  the  character  of  the 
coast  and  off-shore  portions  of  the  United  States,  from  the  Bay  of  Fundy 
to  Long  Island  Sound,  and  other  portions  of  the  aea-coast  and  of  the 
lakes  have  been  investigated  in  a  less  elaborate  manner. 

The  operations  in  regard  to  the  propagation  of  food-fisbes  relate  espe- 
cially to  the  introdnction  of  California  salmon,  Atlantic  salmon,  land- 
locked salmon,  and  whitefisb  into  new  waters,  or  tbeir  multiplication  io 
those  that  have  been  depleted.  Special  attention,  also,  in  later  years, 
has  been  directed  to  the  Europeau  carp,  a  well  known  and  favorite 
domesticated  fish,  and  promising  to  be  an  important  addition  to  the 
food  resources  of  the  United  States. 

The  usual  operations  of  the  Fish  Commission,  in  its  maritime  work 
during  1877,  were  somewhat  modified  by  the  attendance  of  Professor 
Baird  on  the  International  Fishery  Conventiou  on  the  part  of  Great 
Britain  and  the  United  States,  at  Halifax,  by  the  request  of  the  Secre- 
tary of  State. 

Under  the  law  of  Congress,  which  directs  all  needed  aid  to  be  fur- 
nished, as  far  as  practicable,  to  the  United  States  Fish  Commission  ia 
its  varied  operations,  by  the  executive  departments  of  the  government, 
the  Secretary  of  the  Navy  has  for  several  years  supplied  a  steamer, 
completely  equipped  for  use,  and  in  the  season  of  1877  a  much  larger 
vessel  than  usual  was  detailed  at  the  request  of  the  Secretary  of  State; 
this  was  the  tug  Speedwell,  an  iron  propeller  of  310  tons  and  of  great 
Btanchness,  and  thoroughly  fitted  for  her  work.  She  was  equipped  for 
the  special  service  at  the  navy-yard  in  Portsmouth,  N.  H.,  uuiler  the 
direction  of  Commodore  Quest,  and  the  scientific  apparatus  formerly 
used  on  board  tbe  United  States  steamer  Blue  Light  was  transferred  to 
her  at  Xew  London.  She  was  commanded  by  Lieutenant-Commander 
A.  G.  Kellogg,  with  Dr.  T.  H.  Sheets  as  surgeon,  and  Mr.  A.  V.  Zaoe 
as  engineer.  The  vessel  reported  for  duty  on  the  ilstof  July,  at  Salem, 
at  which  point  Professor  Baird  had  been  stationed  for  a  month,  engaged 
in  the  preliminary  work  of  the  commission  prior  to  proceeding  to  Hali- 
fax.   This  consisted,  in  part,  iu  tbe  collection  of  statistical  information 
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ID  regard  to  the  preseot  contlitioD  of  ttie  AmerioaD  flslierieB,  for  which 
purpose  circnlars  were  printed  aad  distribated  very  extea«vely  along 
the  coast,  and  sereral  competent  agents  were  detailed  for  making  the 
secemary  inqairies. 

As  in  previous  years,  Prof.  A.  E.  V«rrill,  of  Yale  College,  assisted  by 
Mr.  E.  B.  Wilson,  took  special  charge  of  tbe  investigations  In  regard  to 
the  marine  invertebrates,  while  Mr.  O.  Brown  Ooode  and  Dr.  T.  H. 
Baan  discharged  a  similar  relation  to  tbe  vertebrates.  A  namber  of 
tripe  were  made  by  tbe  vessel  from  Salem,  which  resulted  in  the  dis- 
covery of  some  new  and  extensive  flshing-groands  of  mach  valoe,  which 
it  is  believed  will  in  time  be  atilized  in  the  interest  of  the  American 
fisheries. 

Professor  Baird  proceeded  to  Halifoz  about  the  middle  of  Angnet, 
where  he  was  joined  by  the  Speedwell  on  tbe  22d,  from  which  point  a 
Dew  series  of  researches  was  carried  en  teoding  to  still  farther  elucidate 
the  flsberies  of  the  United  States  and  of  the  British  possessions. 

Tbe  oppoTtnuity  furnished  by  the  presence  of  many  intelligent  fldier- 
leen  and  other  witnesses  called  on  both  sid  es  by  the  convention,  was 
embraced  by  ProfesBor  Baird  to  secare  information  in  regard  to  tbe 
condition,  extent,  and  location  of  the  American  fisheries  and  tbe  details 
of  their  prosecntion,  and  enabled  bim  to  oirilect  material  for  an  ex- 
haoetive  work  on  the  subject,  to  be  published  at  some  future  time  in 
tbe  report  of  tbe  commission. 

Professor  Baird's  duties  in  Washington  required  his  retnm  from 
Halifox  a  abort  time  before  the  close  of  tbe  convention,  and  be  left  on 
tbe  20th  of  October  for  home,  tbe  steamer  Speedwell  having  proceeded 
to  Salem  on  tbe  13tb  ;  and,  after  remaining  a  few  days  and  carrying  on 
some  investigations  iu  regard  to  the  habits  and  distribution  of  tbe  ses' 
herring,  she  reported  herself  at  Portsmontii  and  was  taken  ont  of  com- 
mission. 

Tbe  season  of  1877  was  nnasaally  productive  in  the  iaenaae  of  our 
knowledge  of  the  nal  nral  history  of  tbe  coast ;  a  number  of  species 
having  been  added  to  previous  lists,  a  considerable  proportion  new  to 
science. 

The  work  of  the  commission  in  the  direction  of  the  propagation  of 
food-fl^es  began  in  April  with  the  shad,  an  establishment  having  been 
fonned  at  Havre  de  Grace,  in  tbe  Snsqnehauna,  where  11,000,000  of 
yoang  shad  were  hatched  out  and  distribnted  thronghoat  tbe  United 
States.  During  this  season  an  entirely  new  system  of  batching  shad, 
invented  by  Mr.  T.  B.  Ferguson,  fish  commissioner  of  Maryland,  was 
pat  into  snoceseful  operation.  In  this  tbe  necessary  motion  required  by 
the  eggs  is  imparted  by  steam  machinery,  which  cansea  a  cylindrical 
vcesd  in  which  tbe  eggs  are  placed  to  rise  and  fall  in  the  water  with  a 
pnHwc  degree  of  velocity.  In  this  way  many  practical  difficulties  in 
tbe  hatching  of  shad  in  open  bays  and  elsewhere  are  overcome. 

Xbe  work  of  batching  shad  at  Havre  de  Grace  was  prosecuted  with 
the  assistance  of  Mr.  Ferguron,  while  tbe  shipment  and  distribution  of 
4  a 
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tfae  young  flah  was  directed  by  Mr.  J.  W.  Miloer,  Aaaistant  United 
States  Pisb  OommiBsioDer. 

After  completing  operatioQS  at  Havre  de  Grace,  tbe  commisBioD, 
under  Mr.  Miloer,  transferred  its  operationa  to  Holyoke,  in  Uaasaoha. 
eettfl,  wbiob  reenlted  in  abont  tbe  average  snccesa. 

Tbe  yield  of  eggs  of  the  California  salmon  from  tbe  United  States 
establisbment  Bitnated  OD  tbeMcClood  River,  in  Xortbem  (J^fornia, 
was  not  so  large  as  nsaal,  in  cooseqnence  of  the  interference  with  the 
upward  ran  of  tbe  fish  by  some  canning  establishments  on  the  Lower 
Sacramento.  Between  five  and  six  millions  of  eggs,  however,  were  bo- 
cored  and  daly  distributed.  These  were  sent  to  all  parts  of  the  United 
Stateii,  as  also  to  Canada,  Australia,  New  Zealand,  Ihe  Sandwich  Isl- 
ands, Germany,  France,  England,  and  the  Netherlands. 

Notbing  was  done  dnring  tbe  year  with  the  Atlantic  salmon,  althongh 
tbe  establishment  at  Bncksport  was  kept  in  repair. 

Uonsnal  saccess  waa  experienced  in  tbe  collection  of  eggs  of  tbe  land, 
locked  salmon  in  tbe  Grand  Lake  Stream  in  Eastern  Maine,  about  tro 
millions  having  been  secored  and  distribnted  to  flab  commissioners  and 
other  parties  in  a  large  number  of  States.  This  work  was  prosecnl^d 
in  co-operation  with  the  fish  eommissioners  of  Massachusetts  and  Con- 
necticut, who  bore  a  share  of  tbe  expense. 

In  the  early  part  of  the  year  Mr.  Hudolph  Hessel,  an  experienced  fisli 
cnlturist,  was  sent  to  Germany  to  obtain  a  snpply  of  the  German  carp, 
and  be  brought  back  several  hundred  of  tbe  best  varieties.  These  were 
placed  temporarily  in  certain  ponds  in  Drnid  Hill  Park,  Baltimore,  od- 
der  the  care  of  Mr.  T,  B.  Ferguson. 

For  tbe  further  treatment  of  these  fish,  and  tbe  multiplication  of  suffi- 
cient nambera  to  commence  diatributing  them  tbroaghout  tbe  Uuited 
Statea,  Congress,  in  the  latter  part  of  the  year,  granted  to  the  commis- 
sion the  use  of  tbe  ponds  on  tbe  Monument  lot,  in  the  city  of  Washing- 
ton, and  made  an  appropriation  to  fit  them  up  properly.  Work  baa 
been  begun  upon  these  ponds,  and  it  is  hoped  that  in  the  course  of  tbe 
year  1878  a  anccessfol  beginning  may  be  made  in  tbe  way  of  distriba- 
tion  of  fish  fh>m  tbem. 

Tbe  labors  of  the  United  Stittes  Fish  Commission  can  scarcely  be  too 
highly  estimated.  A  very  large  and  incresBing  portion  of  human  life  ia 
sustained  by  tbe  product  of  tbe  water,  especially  of  shores  and  rivers- 
Organic  matter  necessary  to  the  sastentation  of  life  is  produced  by 
radiation  from  the  sun  in  connection  with  plants,  bat  a  large  i>ortioii  of 
this  is  carried  into  the  waters  of  rivers  and  that  of  tbe  sea,  by  Fewage 
nnd  drainage,  and  can  only  be  reclaimed  for  human  use  by  the  prodoo- 
tlon  of  fishes.  Hence,  with  tbe  increase  of  population  of  civilized  conn- 
tries,  tbe  art  of  breeding  and  catching  Bsh  becomes  as  important, 
almost,  as  tbo  extension  of  arable  land  and  the  improvement  of  agri- 
culture. Indeed,  it  becomes  in  some  respects  more  valuable  tbau  these, 
ttnce  it  supplies  food  differing  from  that  of  the  land;  and,  therefore, 
adds  to  the  variety  of  tbe  moans  for  gratifyiug  the  palate. 
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The  improvement  whioli  has  beeo  made  Id  tbe  art  of  prodnciog  fish  1% 
tnilif  wonderful.  Bivers,  ponds,  and  lakes  which  are  almost  entirely 
barren  or  inhabited  only  by  fisb  of  bat  little  valoo  may  be  filled  to  reple- 
tion and  kept  fall  by  judiciOBS  amtngemenc  of  the  time  of  catching. 
The  rules,  however,  for  the  art  of  fish  oaltaie  are  foanded  on  Bcieotiflc 
observations  relative  to  the  natural  history  of  fish,  and  especially  in 
regard  to  one  principle,  namely:  that  natore,  to  preserve  a  species,  U 
prodigal  in  tbe  prodaotion  of  individuals.  This  is  especially  true  in 
regard  to  fishes;  for  example,  from  a  single  shad  may  be  stripped  10,000 
eggs  which,  being  left  exposed  to  all  the  enemies  to  wliicb  they  are  sub- 
jected, will  yield  not  more  than  60  young  individuals  able  to  feed  them- 
Belves,  and  not  more  than  S  adult  fish  capable  of  reproduction,  while 
the  same  namber  of  eggs  batched  by  artificial  means  ongbt  to  yield 
9^  young  fish,  with  a  reasonable  expectation  of  950  adalta. 

The  subject  of  fisb  culture  baa,  however,  but  lately  attracted  the 
attention  of  tbe  general  government,  the  first  small  appropriation  in 
regard  to  it  having  been  made  in  1872.  It  has,  however,  been  extended 
jear  by  year  by  small  additional  appropriations,  and  has  now  attracted 
such  attention  that  tbe  country  will  demand  a  still  wider  extension  of 
its  labors. 

In  this  connection  I  would  draw  attention  to  tbe  immense  importance 
of  the  National  Museum  as  an  educational  establishment.  Specimens  of 
every  variety  of  fish  in  tbe  different  waters  of  the  United  States  are  sent 
by  tbe  employes  of  tbe  Fisb  Commission  to  Washington  in  a  fresh  con- 
dition, and  from  them  molds  are  immediately  made  in  plaster  from 
which  again  models  are  oast  and  painted  to  give  exact  representations 
in  form  and  color  of  the  original  specimens.  In  this  way  in  the  course 
of  a  limited  time  a  fnll  set  of  all  the  edible  fish  of  North  America  will 
be  obtained,  as  well  as  models  of  those  of  a  similar  character  from  other 
conntries.  In  addition  to  this,  the  National  Museum  has  now  in  its 
possession  ready  for  exhibition  when  a  new  building  shall  be  provided, 
specimens  of  all  the  apparatus  used  in  all  the  dificrent  countries  of  tbe 
world  for  the  capture  and  utilization,  as  well  as  tbe  propagation  of  fish. 

The  importance  of  sncb  a  collection  as  a  means  of  diffusing  and  im- 
proving practical  ideas  can  scarcely  be  too  highly  estimated. 

Conclusion. 

It  will  be  seen  from  the  report  of  Professor  Baird  that  a  large  amount 
of  his  time  has  been  expended  in  labor  for  the  general  government,  in 
nlation  to  American  fisheries. 

Almost  from  the  first  organization  of  the  Institution  until  tbe  present 
time  tUe  officers  of  tbe  IiistitnCiou  hare  rendered  service  to  tbe  general 
government  without  additional  salary.  For  several  years  past  the  Sec- 
retary bas  devoted  the  greater  part  of  tbe  summer  to  investigations  on 
souDd  in  its  application  to  fog-signals,  in  connection  with  tbe  Light- 
House  Board. 
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These  iDvesti^tione  have  been  made  along  tbe  coast  on  ligbt-liooae 
Bteamera,  with  the  assistance  of  caembera  and  officers  of  tbe  llght-boase 
establishment.  Daring  tbe  last  year  a  series  of  experiments  were  made 
along  the  coast  of  Maine,  which  served  to  establish  some  new  principles, 
as  well  as  to  confirm  previoas  results. 

From  all  the  experiments  which  have  been  made  by  the  Light- Eoase 
Board  in  regard  to  tbe  traDsmission  of  sonod  in  tcee  air  and  tboae 
derived  from  other  observations  which  can  be  folly  relied  opon,  the 
following  conclnsiona  may  be  considered  established,  snbject,  however, 
to  snch  further  modification  and  extension  as  subsequent  iavestigatioQ 
may  seem  to  indicate: 

"  1.  The  audibility  of  sound  at  a  distance  (tbe  state  of  tbe  atmosphere 
being  constant)  depends  upon  the  character  of  the  sonnd.  Tbe  distaoce 
through  which  a  sound  may  be  heard  is  governed  by  the  pitch,  tbe 
loudness,  and  the  quantity  of  sonnd.  Tbe  pitch  or  frequency  of  the 
impulses  in  a  given  time  mast  not  be  too  high,  otherwise  the  amphtode 
of  vibration  will  be  too  small  to  allow  a  sufficient  qaantity  of  air  to  be 
put  into  motion  ;  neither  must  tbe  pitch  be  too  low,  for  in  this  case  the 
motion  of  the  atoms  of  air  in  the  sound-wave  will  not  be  sufficiently  lapid 
to  convey  the  impulse  to  a  great  distance.  Again,  tbe  greater  the  loud- 
ness of  the  sound,  which  depends  upon  the  amplitude  of  the  vibrations 
of  the  sounding  body,  the  greater  will  be  the  distance  at  which  it  will  be 
heard.  And  finally,  the  greater  the  quautity  of  sound,  which  depends 
upon  the  magnitude  of  the  vibrating  surface,  tbe  greater  will  be  tlie 
distance  to  which  it  is  audilily  transmitted.  These  results  are  derived 
from  observations  on  the  siren,  tbe  reed-trumpet,  and  tbe  antomatic 
buoy.  The  effect  of  quautity  of  sound  is  shown  in  the  fkct  that  in 
sounding  different  instruments  at  the  same  time,  it  was  found  tbat  tno 
sounds  apparently  of  the  same  loudness  were  heard  at  very  diOerent 
distances.  The  audibility  of  sound  depends  npou  the  state  of  the 
atmosphere. 

2.  A  condition  most  favorable  to  the  transmission  of  sound  is  thatof 
iwrfect  stillness  and  uniform  density  and  temperature  tbrongtiout. 
This  is  shown  by  the  observations  of  Parry  and  other  Arctic  explorers; 
although  in  this  case  an  efficient  and  co-operatiug  cause  is  doubtless 
the  downward  refraction  of  sound  doe  to  the  greater  coldness  of  tbe 
lower  strata  of  air,  as  first  pointed  out  by  Professor  Beynolds.  Air, 
however,  is  seldom  in  a  state  of  nniform  density,  but  is  pervaded  by 
local  currents,  due  to  contact  with  portions  of  the  earth  unequally 
heated',  and  from  the  refractions  and  redeotions  to  which  the  sound- 
wave is  subjected  in  its  passage  through  such  a  medium  it  is  broken  up 
and  lost  to  the  ear  at  a  less  distance. 

3.  But  the  most  efficient  cause  of  the  loss  of  audibility  is  tbe  direct 
effect  produced  by  the  wind.  As  a  general  rule,  a  sound  is  heard  for- 
tber  when  moving  with  the  wind  than  when  moving  against  it.  This 
effect,  which  is  in  conformity  with  ordinary  observation,  is  not  due  to 
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an  increase  of  velocity  of  the  80Qnd>wave  in  one  direction  nod  a  dimi- 
DQtioa  ia  the  otber  by  the  motioD  of  the  wind  except  la  an  imperceptible 
degree;  for  since  Boaad  moves  at  the  rate  of  about  seven  handred  and 
fifty  miles  an  hour,  a  wind  of  seven  miles  and  a  half  an  honr  coald  in- 
crease or  dimiaiBh  the  velocity  of  the  sonnd-wave  only  one  per  cent., 
while  the  effect  observed  ie  in  some  cases  several  hundred  per  cent  It 
is,  bowevw,  dae  to  a  change  in  its  direction.  Soand  moving  with  the 
wind  is  refracted  or  thrown  down  toward  the  earth;  while  moving 
against  the  wind  it  is  refracted  upward  and  passes  over  the  head  of  the 
observer,  so  as  to  be  heard  at  a  distaooe  at  an  elevation  of  several  hun- 
dred feet  when  inaadible  at  the  sarface  of  the  earth. 

L  Althoagh,  as  a  general  rule,  the  sound  la  beard  farther  when  mov- 
ing with  the  wind  than  when  moving  against  it,  yet  in  some  instaoces 
the  soand  is  beard  farthest  against  the  wind,  but  this  phenomenon  is 
sbown  to  be  due  to  a  dominant  upper  wind,  blowing  at  the  time  in  an 
opposite  direction  to  that  at  the  sarface  of  the  earth.  These  winds  are 
not  imaginary  prodactiona  inveut«d  to  explain  the  phenomena,  but 
RCtaal  existences,  established  by  observation,  as  in  the  case  of  the  ex- 
periments made  at  Sandy  Hooli  iu  1ST4,  by  means  of  balloons,  and  from 
the  actual  motion  of  the  air  in  the  case  of  northeast  storms,  as  observed 
at  stations  on  the  coast  of  Maine. 

5.  Althoagh  sonnd  issning  from  the  month  of  a  trumpet  is  at  first  con- 
centrated in  a  given  direction,  yet  it  tends  to  spread  so  rapidly,  that  at 
the  distance  of  three  or  fonr  miles  it  fills  the  whole  space  of  air  inclosed 
within  the  circait  of  the  horizon,  and  is  heard  behind  the  trumpet  nearly 
as  well  as  at  au  equal  distance  in  front  of  its  month.  This  fact  pre- 
cludes the  use  of  concave  reQectors  as  a  means  of  increasing  the  iuten- 
Bity  of  sound  in  a  given  direction ;  for  althoagh  at  first  they  do  give  an 
iocrease  of  sound  in  the  direction  of  the  axis,  it  is  only  for  a  compara- 
tively short  distance. 

6.  It  has  been  established,  contrary  to  what  has  formerly  been  thought 
to  be  the  ease,  that  neither  fog,  snow,  hail,  nor  rain  materially  interferes 
with  the  transmission  of  loud  sounds.  The  siren  has  been  beard  at  a 
greater  distance  during  the  prevalence  of  a  dense  and  widely-extended 
fog  than  during  any  other  condition  of  the  atmosphere.  This  may,  how- 
ever,  be  attributed  U>  the  nuiform  density  and  stillness  of  the  air  at  the 
time. 

7.  In  some  cases  sound-shadows  are  produced  by  projecting  portions 
of  land  or  by  buildings  situated  near  the  origin  of  the  sound,  but  these 
are  closed  in  by  the  spread  of  the  sound-waves,  and  thus  exhibit  the 
phenomenon  of  sound  being  beard  at  a  distance  and  afterwards  lost  on 
a  nearer  approach  to  the  station. 

8.  It  frequently  happens  that  on  a  vessel  leaving  a  station  the  sound 
is  snddraly  lost  at  a  point  in  its  course,  and  after  remaining  inaudible 
tome  time,  is  heard  again  at  a  greater  distance,  and  is  then  gradually 
lost  as  the  distance  is  farther  increased.    This  pbenomenou  is  only  ob> 
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attribated  to  the  npvard  refnictioD  of  the  eoaiid-ware,  vhieh  pauses 
over  the  bead  of  the  observer  ancl  coDtionee  an  apward  coarse  nntil  it 
nearly  reaofaes  the  apper  sarfaoe  of  the  carreatof  wind,  when  the  refrac- 
tion will  be  reTersed  and  the  sodod  eent  downward  to  the  earth;  or 
the  effect  may  be  considered  as  doe  to  a  aoand-sbadow  prodnced  by  re- 
fractiont  which  is  gradaally  closed  In  at  a  diataoce  by  the  lateral  spread 
of  the  sonnd-wave  near  the  earth,  on  either  side,  in  a  direction  wbiob 
is  Dot  affected  by  the  upward  refraction.  Another  explanation  may  be 
foand  in  the  probable  circnmBtance  of  the  lower  sheet  of  sonnd-beanu 
being  actnally  refracted  into  a  serpeotioe  or  uDdalating  coarse,  as  sog- 
ge8t«d  in  the  Appendix  to  tbe  Beiwrt  of  the  LigbtHonse  Board  forlS76. 
Snch  a  serpentine  coarse  wonid  result  firom  successive  layers  of  nneqnal 
velocity  in  an  opposing  wind;  as  being  retarded  at  aod  near  tbe  sor 
face  of  the  earth,  attaining  its  maxfmam  velocity  at  tbe  beight  of  a 
few  hundred  feet,  and  then  being  again  retarded  at  greater  elevations 
by  tbe  friction  of  upper  couDter-cnrreDts,  or  stationary  air.  In  some 
cases  the  phenomenon  is  doe  to  one  or  tbe  other  of  these  causes,  and  In 
other  cases  to  both  combined.  That  it  is  not  due  to  the  obstructing  or 
pcreening  effects  of  an  abnormal  condition  of  tbe  atmosphere  is  shown 
by  the  fact  that  asoand  transmitted  in  an  opposite  direction,  tbroogh 
what  is  called  the  region  of  silenco,  passes  withont  obstruction.  It  is 
probable,  from  all  the  observations,  that  in  all  cases  of  refraction  of  a 
Boand  moving  against  the  wind,  it  tends  again  to  descend  to  the  eartb 
by  tbe  natural  spread  of  the  sound. 

9.  The  existence  of  a  remarkable  phenomenon  has  been  established, 
which  is  exhibited  in  all  states  of  the  atmosphere  during  rain,  sdov, 
and  dense  fog,  to  which  has  been  given  tbe  name  of  aerial  echo.  It  con- 
sists of  a  distinct  echo,  apparently  from  a  apace  near  the  horizon  of 
fifteen  or  twenty  degrees  in  azimuth,  directly  in  the  pro!ongatiou  of  tbe 
axis  of  the  trumpet.  The  loudness  of  this  echo  depends  upon  tbeload- 
ness  and  Quantity  of  the  original  sound,  and  therefore  it  is  produced 
with  the  greatest  distinctness  by  the  siren.  It  cannot  be  due  to  Uie 
accidental  position  of  a  flocculeot  portion  of  atmosphere  nor  the  direct 
reSection  from  the  crests  of  tbe  waves,  as  was  at  first  snp])osed,  since 
it  is  always  heard  except  when  the  wind  is  blowing  a  hurricane. 

As  a  provisional  explanation,  the  hypothesis  has  been  adopted  that 
in  the  natural  spread  of  the  waves  of  sound  some  of  the  rays  must  take 
snch  a  curvilinear  conrse  as  to  strike  the  surface  of  the  water  in  an 
opposite  direction  and  thus  be  reflected  back  to  the  station  or  location 
of  the  origin  of  tbe  sound." 


liespectfally  submitted. 

JOSEPH  HEyRY, 
Secretary  Smithsonian  In»litutitm. 
Washington,  Ja»twry,  187S. 
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APPENDIX  TO  THE  REPORT  OF  THE  SECRETARY. 

GOVERNMENT  EXPLORATIONS  IN  1877. 

In  accordance  witb  the  lav  of  organization  of  the  lostitatioo,  all  tbo 
apecimens  that  are  brought  to  Wasbingtoa  by  the  various  gorernment 
Burveya  and  ezpeditioDS  are  turned  over  to  the  National  Museam  in 
charge  of  the  Smitbaonian  Institotion,  and,  therefore,  accounts  are  here 
given  of  the  Goverament  explorations  during  the  past  year  under  the  di- 
notion  of  Professor  Haj-dnn,  Professor  Powell,  and  Lieutenant  Wheeler, 
fnniished  bf  the  directors  of  the  explorations. 

TUB  WORE  OF  THE  UNITED  STATES  OBOLOaiOAL  Am>  GBOQRAPHICAL 
BUBTET  OF  THE  TERRITORIES,  tTHDBB  THE  DIRECTION  OF  PROF.  F. 
V.  HAYDEN,  DURING  THE  SEASON  OF  1877. 

On  the  completion  of  the  work  in  Colorado  in  1876,  it  was  determined 
that  the  work  should  continue  northward  into  Idaho  and  Wyoming 
Territories.  Tlie  belt  of  country  along  the  fortieth  parallel,  including 
tbe  Union  Pacilic  Railroad,  having  been  explored  in  detail  by  the  sur- 
vey of  the  fortieth  parallel  under  Clarence  King,  it  was  deemed  best  to 
commence  at  the  uorthem  boundary  of  that  work  and  continue  north- 
ward and  westward. 

Tbe  survey  was  divided  into  five  parties  for  field,  geological,  and  topo- 
graphical work,  besides  several  parties  for  special  investigation.  The 
following  notes  present  the  salient  features  of  the  summer's  work : 

Primary  triangulation. — The  primary  triangalation  party  in  charge 
of  Mr.  A.  D.  \VilsoD,chief  topographer  of  the  survey,  took  the  field  from 
fiawlins  Springs,  Wyo.  Near  this  place  a  base-line  was  carefully  meaa- 
ored  and  from  this  a  net- work  of  triangles  was  extended  to  the  north 
and  west.  After  completiug  the  work  in  the  vicinity  of  Rawlins,  the 
party  marched  northward,  making  stations  on  Semiuoe  aud  Whiskey 
Peaks,  and  tbence  traveled  westward  to  Yellow  Butte,  where  another 
station  was  located.  From  this  point  the  work  was  carried  to  the  Wind 
Biver  Range.  Three  stations  were  made  on  the  more  prominent  points 
oftliis  range  with  much  di£Bculty,  owing  to  the  great  quantities  of  snow 
found  in  these  mountains  during  tbe  month  of  June — tbe  time  tbe  party 
was  working  there. 

Contjnning  tbe  work  northward  and  westward,  stations  were  made 
on  the  Qrosventre  and  Wyoming  Ganges  and  on  Caribou  Mountain  and 
Mount  Putnam  near  Fort  Hall.  After  refitting  at  the  latter  place  the 
|)arty  marched  south  via  Soda  Springs  to  the  valley  of  Bear  Lake,  where 
another  base-line  was  measured  and  connected  with  the  work  as  brought 
forward  from  the  Rawlins  base. 

After  occopying  Mount  Preuss,  Soda,  Paris,  and  North  Logan  Peaks^ 
the  party  marched  to  Evanston  where  a  connectioD  was  made  with  the 
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aatroQOtnical  station  made  at  tbis  point  by  tbe  boandary  survey  of  Wyo- 
ming. StatioDB  were  aim  made  on  Medicine  Butte  and  Ogden  Peak, 
thos  connecting  witb  the  primary  triangnlatioa  of  the  fortieth  parallel 
sarvey.  From  Evanaton  tbe  party  moved  eastward,  occupying  Pilot 
and  Black  Bnttes,  again  visitiug  Separation  Peak  near  Rawlins,  thus 
bringing  the  work  back  to  the  point  of  beginning  where  the  party  was 
disbanded  and  the  train  sent  into  winter  quartera  at  Cheyenne. 

Ur.  Wilson  has  finished  the  preliminary  compntations  of  his  work, 
and  a  chart,  showing  the  results,  has  been  published.  Twenty-six  poiuU 
were  occupied,  while  many  others  were  located  by  foresights,  among 
them  the  Grand  T6ton  and  Washakie  Needles. 

Tbe  triangulation  covered  an  area  of  about  2S,000  square  miles,  estend- 
ing  from  longitude  107°  to  112°  and  between  north  latitude  41°  IV  and 
43°  50'. 

Stoue  monuments  were  bnilt  on  all  occupied  points  for  fatare  refer- 
ence, and  when  tbe  flnal  computations  are  made,  the  latitude  and  longi- 
tude of  all  these  points  will  be  given,  with  azimuths  and  distances 
between  the  points. 

Topography. — The  topogrnpblcal  field-work  of  the  past  season  was  car- 
ried on  by  three  parties,  to  each  of  which  a  definite  area  was  assigned  to 
be  surveyed.  These  areas  were  approximately  in  the  form  of  rectangles, 
limited  by  meridians  aud  parallels  of  latitude.  Each  of  them  contained 
about  11,000  square  miles.  That  assigned  to  the  Teton  division,  io 
charge  of  Mr.  G.  K.  Bechler,  lay  betweeu  the  meridians  of  109°  SC  and 
112°  and  the  parallels  43°  and  44°  15'.  This  area  comprises  nearly  all 
the  country  about  the  sources  of  Snake  River,  inclndiugthe  very  rugged 
range  of  the  Teton  Mountains  and  tbe  northern  half  of  the  Wind  Kiver 
Mountains.  From  the  character  of  tbe  country,  being  nearly  all  moan- 
tainons,  and  much  obstructed  by  living  and  fallen  timber,  work  was 
necessarily  slow,  yet  Mr.  Bechler  succeeded  in  surveying  nearly  6,000 
square  miles  up  to  tbe  early  part  of  September,  when  be  was  obliged  to 
stop  work  and  leave  the  country,  owing  to  the  proximity  of  Joseph'^ 
baud  of  hostile  Indians.  About  one-third  of  tbe  area  surveyed  by  tbis 
division  lies  south  of  the  Snake  and  west  of  Salt  River.  Tbe  remainder 
includes  tbe  greater  part  of  the  most  rugged  mountains,  among  them 
tbe  Tetons  and  a  portion  of  the  Wind  River  Range. 

That  portion  of  the  district  lying  south  of  Snake  River  consists  of  tbe 
northern  ends  of  two  monntaln-ranges,  known  as  the  Blackfoot  and 
Caribou  ranges,  with  their  adjacent  valleys.  These  ranges  have  the 
normal  trend ;  are  here  scarcely  high  enoogb  (C,000  to  8,000  feet  above 
aealevel]  to  be  dignified  with  the  name  of  mountains,  and  are  bare  of 
timber  and  grass-covered.  All  this  section  is  fiue  grazing-land,  and  iu 
the  valleys  are  large  areaa  of  arable  land. 

North  of  the  Snake  are  several  fiue  valleys,  well  watered  from  the 
anow-flelds  of  the  high  mountains,  among  which  are  Pierre's  and  Jack- 
son's Holes ;  but  the  mass  of  the  country  is  made  ap  of  mountains- 
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Ab  a  rale,  tbe  valleys  are  narrow,  mere  caBons  in  rery  many  caaes.  The 
moantaiDS  are  everywhere  heavily  timbered  with  pine  and  sprace. 

Daring  tbe  seaaoo,  Mr.  Bechler  occnpied  60  stations,  and  meastued 
7,340  horizcHital  and  5,700  vertioal  angles. 

The  area  aasigned  to  the  Green  Biver  division,  in  charge  of  Hr.  Henry 
Oaonett,  lay  betveen  tbe  meridians  of  10B<>  30'  and  112°  00'  and  tbe 
parallels  of  latitade  of  41°  46'  and  43^  00',  being  directly  soath  of  that 
of  the  Teton  division.  This  district  indodes  the  northern  half  of  the 
Green  Biver  Basin  ;  nearly  all  the  drainage  area  of  the  Bear,  and  sev- 
eral large  branches  of  the  Snake,  comprising  portions  of  the  three 
Territories  Wyoming,  Idaho,  and  tJtah.  The  cotuitry  being  especially 
well  adapted  to  this  class  of  snrveyiDg,  work  was  pushed  very  rapidly, 
so  that,  after  finishing  bis  district,  Mr.  Gannett  was  enabled  to  carry  the 
work  westward  over  the  valleys  of  the  Portnenf  and  Malade,  with  their 
bounding  ranges. 

With  tbe  exception  of  the  Greet>  Hiver  Basin,  which  is  a  brood,  flat 
expanse  of  sage  and  grass,  the  country  consists  of  a  successioD  of  par- 
allel ranges  of  mountains,  with  the  normal  Kocky  Monntain  trend,  sep- 
arated by  broad  valleys.  The  valleys  are  fertile,  and  easily  irrigated, 
while  everywhere  there  is  a  boantiful  supply  of  water.  The  average  ele- 
vation of  these  valleys  is  from  4,000  to  6,000  feet,  while  the  mountains 
rise  to  heights  ranging  from  8,000  to  11,000  feet. 

The  lower  moantain-ranges  are  grass-covered,  while  the  higher  ones 
are  well  timbered,  in  some  cases  even  densely  timbered,  with  heavy 
sprace  and  pine.  Tbe  area  of  irrigable  laud  is,  by  a  rough  estimate,  ten 
per  cent,  of  tbe  district,  while  at  leaat  three-fourths  of  it  is  snitable  for 
grazing.  In  snrveying  this  area,  Mr.  Gannett  made  347  stations  of  all 
grades  of  importance,  bailding  monaments  on  53  of  the  principal  ones 
for  future  reference  by  tbe  land  surveys,  or  other  purposes. 

Tbe  district  assigned  to  the  Sweetwater  division,  nnder  Mr.  George 
B.  GhiUenden,  lay  between  meridians  107o  00'  and  109°  30'  and  parallelii 
a°  46'  and  43^  00',  being  east  of  that  lost  described.  It  intrudes  the 
Bonthern  half  of  the  Wind  Biver  Bange,  tbe  valleys  of  Wind  Biver  and 
the  Sweetwater,  with  the  Sweetwater  Mountains  and  tbe  desert-like 
plateaus  about  the  continental  divide  sooih  of  the  latter.  Of  this  area 
nearly  all  or  between  10,000  and  11,000  square  miles  were  surveyed. 
Of  Uiis district,  a  rongh  estimate  makes  five-eighths  desert  conntry,  two 
eif^ths  moontainouB,  of  valae  only  for  its  timber,  or,  hypotbetically,  for 
its  minus!  contents,  and  one-eighth  only  valuable  as  pasture  or  agricul- 
tural land.  In  surveyiog  this  area,  Mr.  Chittenden  made  nearly  200 
BtatioQs.  Between  80  and  90  of  these  were  marked  pennaoently  by 
stone  monumeots  for  future  reference. 

As  heretofbre,  attention  has  been  paid  to  the  economic  value  ot  tbe 
land  surveyed.  Map  notes  and  sketches  indicate  the  extent  of  laud 
Miitably  sitnatod  for  irrigation,  and  as  alt  streams  of  any  ningoitnde  are 
K^aged,  and  their  slopes  measured,  tbe  data  for  estimates  of  the  amoaut 
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of  arable  land  are  at  hand.  Areae  of  pastare  aod  timber  land  an  alao 
noted. 

Daring  the  whole  HeasoD,  of  fonr  months'  dnration,  the  weather  wu 
uuezceptioDiibly  fiivorable  for  the  proaecntion  of  the  work ;  acaicely  a 
day  was  lost  from  had  weather  by  any  of  the  parties. 

The  total  area  sarveyed  daring  the  seaaoo,  and  to  be  mapped  dariog 
the  winter,  waa  abont  29,000  sqoare  miles,  a  very  considerable  addition 
to  our  knowledge  of  the  Western  country. 

In  sncceeding  years  the  work  is  to  t>e  extended  toward  the  north, 
east,  and  west. 

Geology.— The  geological  fleld-work  of  the  survey  for  1877  was  as- 
signed to  Dr.  F.  M.  Endlich,  Prof.  Orestes  H.  St.  John,  and  Dr.  A.  G. 
Peale,iD  the  Sweetwater,  Teton,  and  Green  Eiver  districts  respectively. 
Man;  interesting  geological  facts  were  observed  which  will  be  detailed 
iu  the  annual  report  of  tbe  survey. 

The  Sweetwater  district  comprised  a  well  diversified  country.  Tbe 
eastern  portion  of  tbe  Gi-een  River  Basin  was  found  to  be  nnderlaid 
with  Tertiary  formations,  with  isolated  volcanic  ernptions  at  several 
points.  The  prevailing  westerly  winds  of  the  region  have  resnlted  in 
tbe  formation  of  sand  dunes  wherever  the  confignration  of  the  country 
has  offered  an  obstacle  to  the  progress  of  tbe  sand  that  is  formed  from 
the  readily  disintegrating  Tertiary  sandstones.  On  the  eastern  side  of 
the  Wind  River  Mountains  a  full  series  of  tbe  sedimentary  formatioDii 
was  noted,  beginning  with  tbe  Silurian,  and  numerons  stratigraphical 
phenomena  were  observed  and  studied  with  a  view  to  the  determina- 
tion of  the  age  of  the  mountain-range. 

Camp  Stambaugh,  at  the  south  end  of  tbe  range,  is  located  within 
the  area  of  the  oldest  metamorpbic  rocks  of  the  district  In  these,  gold 
has  been  found  in  varying  quantities  for  the  last  ten  years,  and,  at  one 
time,  the  region  was  the  scene  of  considerable  mining  excitement. 

The  western  side  of  the  Wind  Biver  Mountains  was  found  to  be  very 
interesting  on  accoant  of  the  remains  of  enormous  ancient  glaciers. 
Moraines,  covering  many  square  miles,  and  often  a  thousand  feet  in 
thickness,  extend  downward  tbrongh  narrow  valleys  that  now  oontain 
rushing  streams.  Striation,  grooving,  and  mirror-like  polish  of  rock  i* 
situ,  denote  the  coarse  taken  by  the  moving  ice-fields  that  have  left 
these  marks  of  their  former  existence.  From  all  indications,  the  cessa- 
tion of  glacial  activity  must  have  occurred  within  a  comparatively  reoeut 
time.  Scarcely  any  vegetation  has  sprung  up  on  tbe  light  glacial  soil, 
and  tbe  characteristic  distribution  of  erratic  material  bears  every  evi- 
dence of  "  freshness." 

All  along  the  Sweetwater  Eiver  the  characteristic  Sweetwater  group 
of  the  Tertiary  was  foand,  continuing  northward  to  the  hills  opposite 
Sembioe  Pass.  These  hills  were  found  to  be  projections  of  granite  that 
during  the  Tertiary  epoch,  and  probably  long  before,  existed  as  islands 
in  a  widely  extended  sea. 

Ou  the  south  side  of  the  Sweetwater,  in  the  SeminM-HillB.  tbe  older 
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sedimentAry  fonnationB  were  noted.  Id  the  region  between  the  Seminoe 
Hills  aad  Bawlins,  on  the  TTaion  Paoi&c  B&ilroad,  &d  interesting  gronp 
of  mad-Bprings,  analogoas  to  the  iniid-pDf&  of  the  Cl^rser  region,  were 
seen.  About  fonr  hoodred  of  these  oorions  springs  were  foand  and  ex- 
amined. 

After  flnishing  his  work  with  the  field-party,  Dr.  Bndlieh  vidted  the 
coal-mines  near  Evanston,  Wyo.,  to  examine  the  coal-bearing  rooks  of 
that  region. 

The  Oreen  Biver  district  liea  directly  west  of  the  Sweetwater  district. 
With  the  exception  of  a  small  area  of  granite,  along  the  sonthwestem 
Bide  of  the  Wind  Biver  Monntains,  and  some  basaltic  flows  in  the  north* 
western  portion  of  the  district,  the  rocks  are  sedimentary.  The  Oreen 
Kver  Basin  was  the  first  area  surveyed.  The  prevailing  formation  was 
foQDd  to  be  the  Oreen  Biver  group  of  the  Tertiary,  nuderlaid  by  the 
Wabsatcb.  Toward  the  soath,  battes  of  the  Bridger  clays  rest  on  the 
Green  Biver  marls  and  saDdstones.  They  are  the  northern  outliers  of 
the  extensive  Bridger  areas  fonnd  farther  soathward. 

On  the  northeast,  the  Tertiary  beds  rest  on  the  granites  of  the  Wind 
Siver  Monntains,  the  line  of  janction  being  considerably  obscnred  by 
morainal  material.  One  of  the  most  interesting  points  noted  in  the 
Green  Biver  Basin  wns  on  its  west  side,  where  the  Wahsatcb  Tertiary 
is  seen  resting  nnconformably  on  Jnrassio  and  Cretaceons  strata.  At 
cue  point,  Carboniferous  fossils  were  obtained  from  bowlders  of  lime- 
stone found  in  a  conglomerate  in  the  Wahsatcb  group.  These  were 
derived  without  doubt  from  the  Oarbouiferous  limestones  of  the  mount- 
ains that  stand  a  short  distance  to  the  westward,  aud  which  must  once 
have  formed  a  portion  of  the  shore-line  of  the  lake  filling  the  Oreen 
Biver  Basin. 

An  arm  of  this  Tertiary  lake  extended  up  Harris  Fork  of  the  Green 
River,  where  Oreen  Biver  and  Wahsatcb  -beds  arefoundin  horisontal 
position.  In  the  Oreen  Biver  shales,  at  several  localities,  good  collec- 
tions of  fossil  fish  and  insects  were  found,  among  wbicli  were  many  new 
Bpedes. 

The  region  of  the  Blackfoot  Biver,  in  the  northwestern  part  of  the 
district,  is  covered  in  all  its  lowest  )>ortions  with  fiows  of  basnlt  which 
had  their  origin  in  craters  that  still  show  between  the  Blackfoot,  Bear, 
and  Portueuf  Rivers.  The  pouring  out  of  this  basalt  must  have  occurred 
either  daring  or  just  prior  to  the  present  period,  as  there  has  been  bnt 
little  if  any  change  in  the  surface  since  the  eruption.  On  the  Fortnenf 
Biver  a  narrow  tongue  of  basalt  extends  almost  to  Snake  Biver  Valley. 
Tbe  surface  of  this  basalt  slopes  somewhat,  bnt  not  so  much  as  the  pres- 
ent bed  of  the  Fortnenf.  The  lower  valley  of  the  Fortnenf  is  interesting 
from  tbe  ^t  that  it  Is  probably  one  of  the  ancient  oatlets  of  the  great 
lake  that  once  filled  the  Salt  Lake  Basin  and  extended  across  into 
Cache  Valley.  In  Cache  Valley  and  Malade  Valley,  modem  Tertiary 
depodtB  are  found  jutting  against  the  mountains,  and  in  the  central  por- 
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tions  of  the  vb11«78  they  seen  to  paas  gradaally  into  tbe  more  modern 
deposits. 

The  interesting  Bodft-spriogs  at  the  bend  of  Bear  Biver  were  carefully 
examined. 

Although  the  area  sarreyed  by  the  Green  Biver  division  was  large, 
comprising  aboat  13,000  sqaare  miles,  large  collections  of  foesila  (many 
of  them  new)  were  made.  Notes  were  obtained  for  the  preparation  of 
a  geological  map  of  the  area,  and  data  collected  for  the  elacidatien  of 
many  interesting  problems  in  rdatioo  to  the  age  of  the  moantains. 

Goal-oateropa  were  noted  at  s  Dumber  of  looalities,  on  some  of  the 
branches  of  the  Upper  Bear  Birer  and  of  Green  Biver.  The  ftimons  salt- 
works on  a  branoh  of  Salt  Biver  were  also  examined. 

Professor  St.  John  reports  the  Teton  district  to  be  one  of  great  inter- 
est. He  found  extensive  areas  covered  with  rocks  of  igneous  origin,  ba> 
salts,  and  trachytes. 

The  Snake  Biver  plains  are  everywhere  floored  with  basaltic  rocks. 
They  extend  up  the  valley  of  the  Snake  as  far  as  the  lower  basin,  where 
they  are  succeeded  by  other  volcauics,  mainly  trachytes.  The  latter  are 
observed  inclining  at  greater  or  less  angles  and  appear  to  be  more  an- 
cient than  the  basalts.  The  Blackfoot  Valley  and  the  valley  depressions 
between  the  Blaekfoot  Mountains  and  the  Caribou  Bange  are  floored 
with  basalts  in  every  way  similar  to  those  occurring  in  tbe  Snake  Biver 
plains.    These  extend  southward  into  Dr.  Peal^s  district. 

Bhyolitio  prodacts  were  found  at  a  few  localities.  lu  one  instance  the 
eroptive  matter  appears  as  a  dike  in  tbe  crest  of  a  low,  short  ridge  be- 
tween the  Blackfoot  and  Caribou  Ranges,  its  eruption  having  tilted  the 
sedimentary  deposits  into  an  anticlinal  ridge. 

In  Caribou  Moantain,al80,interestingpheuomena  were  observed.  The 
mountain  is  a  monoclinal  ridge,  made  up  of  sedimentaries,  between 
wbose  strata  the  igneous  material  is  intruded,  appearing  fh>m  a  distance 
like  veritable  beds  of  deposition,  while  tbe  bulk  of  tbe  west  portion  of 
the  mountain  appears  to  consist  of  an  enormous  mass  of  eruptive  mat- 
ter thrust  up  from  below.  This  mountain  wonld  therefore  appear  to  be 
another  instance  of  local  outburst,  similar  to  those  brought  to  light  by 
tbe  survey  in  Western  and  Southwestern  Colorado. 

Extensive  areas  of  the  district  are  oocnpied  by  sedimentary  or  strati- 
fled  rocks,  which  wwe  referred  to  the  Lower  Silurian,  Carboniferous, 
Jura-Triaasio,  Oretaoeons,  and  Tertiary  ages.  These  rocks  have  been 
subjected  to  considerable  folding  and  displacements  iu  tbe  different  por- 
ticos of  the  district. 

Due  of  the  most  interesting  discoveries  was  that  of  tbe  presence  of 
Qsh-remains  in  the  Lower  Corboniforoas.  Several  forms  wa«  found, 
identiool  with  or  clos^  allied  to  Keokuk  speciee  of  the  genera  Chdtivi, 
PetalodiUf  A*th%o4»i,  and  S^odus. 

In  tbe  upper  basin  of  Snake  Biver,  Tertiary  laeustrine  beds  occur. 
These  are  probably  the  equivalents  of  the  lake-bede  of  Dr.  Haydeu. 

The  Teton  Bange  was  examined  and  found  to  be  a  gigantic  monoclinal 
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ridgfl,  with  a  metamorphio  »ad  graoitio  nnoleas,  wbkb  forms  a  lofty, 
exoeeditti^ly  ragged,  jagged  crest,  extendiog  Id  a  north  and  soatb  direc- 
tioD  three-foartha-tbe  length  of  the  range,  ealminatiDg  in  Mount  Ha.vtl«n. 

Id  Jackson's  Basin,  east  of  the  Teton  Bange,  a  vast  accamnlatioo  of 
moraiDal  matter  was  noted.  Along  the  west  side  of  tlie  basio,  extensive 
mocainal  aoeaanlationa  occnr,  which  have  been  cut  into  beaatifnl  ter- 
rac«8  by  Snalce  fiiver. 

CaloareoDB  tafa,  indicating  the  presenoe  of  springs,  was  foand  at  the 
month  of  Salt  Biver,  in  a  small  basin  east  of  Lincoln  Valley,  &c. 
Sone  of  tbese,  however,  are  oomparable  with  tb«  enormons  spring  de- 
posits met  with  at  tiie  northeastern  foot  of  the  Wind  Biver  Monntains, 
ID  the  apper  portion  of  the  Wind  Biver  Valley,  which  were  hastily  ex- 
amined late  in  the  season. 

The  geological  notes  given  above  present  only  the  salient  features  of 
the  season's  work. 

Paltontologjf. — Daring  the  past  year  the  prosecntion  of  paleontological 
iDveatigatioD  in  the  field  has  oonstitnted  a  prominent  featare  of  the 
work.  This  investigation  embraces  not  only  a  otrileotion  and  study  of 
the  fossil  remains,  hot  also  the  application  of  saeh  stndy  to  the  correla- 
tion of  the  geological  formations  that  occnpy  the  different  districts  that 
have  from  year  to  year  been  surveyed  by  varioaa  parties.  Dr.  0.  A. 
Wbit«,  the  paleontologist  of  the  survey,  has  been  placed  in  obage  of  this 
branch  of  the  work,  which  he  pursned  in  the  field  daring  the  whole  of 
last  season.  The  region  studied  by  him  is  brii^y  as  follows;  That  por- 
tion of  the  great  plain  which  lies  a^jaceat  to  the  east  base  of  the  Bocky 
Uoantains  between  Cheyenne  and  a  point  26  or  30  miles  soath  of  Den- 
ver ;  a  portion  of  Middle  Park ;  the  district  drained  by  Tampa  and 
White  Bivers  into  the  Oreen;  the  district  which  lies  a^acent  to  the 
soathem  base  of  the  Uinta  range  of  moantaiuB ;  that  which  lies  adja- 
cent to  the  Dorthern  side  of  those  moantains ;  a  large  part  of  the  Oreen 
Biver  Basin,  and  eastward  as  ^  as  Bawlins  Station  on  the  Union 
Pacific  Railroad. 

The  resaltB  have  been  very  gratifying;  among  the  more  important  of 
whichis  the  definition  of  the  paleontological  bonndariesof  certain  of  the 
groups  of  strata,  especially  those  of  the  Laramie  groap,  over  a  large  area, 
ioclnding  both  sides  of  the  Bocky  Mountains.  He  has  demonstrated 
the  fact  that  at  least  the  lower  portion  of  the  Fort  Union  group,  the 
Lignitic  gronp  of  Colorado  east  of  the  Bocky  Moantains,  and  the  IJaro- 
mie  group  of  King  west  of  those  monatains,  including  tbe  great  Bitter 
Creek  series  of  beds,  all  belong  to  one  period,  and  which  are  included 
ander  the  general  name  of  Laramie  group. 

In  the  valley  of  Lake  Fork  south  of  the  Uinta  Mountains,  he  found 
the  Bridger  group  well  exposed,  and  in  the  valley  of  the  Du  Cbesne,  the 
Green  Biver  group.  Both  tbese  groups  have  there  tbe  peculiar  litbolog. 
ical  oharacteristios  that  diatingnish  them  in  the  Oreen  Biver  Basin  norUi 
of  the  Uintas. 

Important  collections  of  fossils  were  made  by  Dr.  White,  nKnpriaing 
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many  new  formB,  and  also  many  interestJDg  types.  Some  important 
data  were  also  obtained,  ahoning  the  early  di^reatiatioo  and  eztnor- 
dinary  persisteace  of  fresh-water  aod  laod  mollaaoan  Xypes.  A  discos- 
sion  of  these  and  other  kindred  questions  will  appear  in  his  paleontolog 
leal  reports. 

Foatil  entomology. — Messrs.  S.  H.  Soadder,  of  Oambridge,  and  F.  U. 
Bowditch,  of  Boston,  spent  two  months  in  Colorado,  Wyoming,  and 
Ftab,  in  explorations  for  fossil  insects,  and  in  collecting  recent  Coleop- 
tera  and  Ortboptera,  especially  in  the  higher  regions.  They  made  large 
colleotions  of  recent  inseots  at  different  points  along  the  railways  from 
Pueblo  to  Cheyenne  and  from  Cheyenne  to  Salt  Lake,  as  well  as  at  LskiD, 
Kane.,  Garland  and  Qeorgetown,  Colo.,  and  iu  various  parts  of  the 
South  Park  and  snrroundiog  region. 

For  want  of  time,  the;  were  obliged  to  forego  an  anticipated  trip  to 
White  Eiver,  to  explore  the  beds  of  fossil  insects  known  to  exist  there. 
Ten  days  were  speut  at  Green  Biver  and  vicinity  in  examining  the  Ter- 
tiary strata  for  fossil  insects,  with  bnt  poor  results;  the  Tertiary  beds  of 
the  Soath  Park  yielded  but  a  single  determinable  insect,  bnt  near  Flo- 
rissant the  Tertiary  basin,  described  by  Dr.  A.  C.  Peale  in  the  annnal 
report  of  the  survey  for  1873,  was  found  to  be  exceedingly  rich  in  insects 
and  plants. 

In  company  with  Bev.  Mr.  Lakes,  of  Golden,  Mr.  Sondder  spent  several 
days  in  a  careful  survey  of  this  basin,  and  estimates  the  inseot-beoring 
shales  to  have  an  extent  at  least  fifty  times  as  great  as  those  (rf  the 
famons  locality  at  Oeningen  in  Sonthem  Bavaria.  From  six  to  seven 
thousand  insects  and  two  or  three  thoosand  plants  have  already  been 
received  from  Florissant,  and  as  many  more  will  be  received  before  the 
close  of  the  year. 

Mr,  Scudder  was  also  able  to  make  arrangements  in  person  with  par- 
ties who  have  foond  a  new  and  very  interesting  locality  of  Tertiary  strata 
in  Wyoming,  to  send  him  all  the  specimens  they  work  out,  and  he  con- 
fidently anticipates  receiving  several  thousand  Insects  from  them  in  the 
course  of  the  coming  winter.  The  specimens  from  this  locality  are  re- 
markable for  their  beauty.  There  is,  therefore,  every  reason  to  believe 
the  Tertiary  strata  of  the  Rocky  Mountain  region  are'  richer  in  remains 
of  fossil  insects  than  any  other  country  in  the  world,  and  that  within  a 
few  months  the  material  at  hand  for  the  elaboration  of  the  work  on  fossil 
insects,  wbioh  Mr.  Scadder  has  in  preparation  for  the  enrvey,  will  he 
much  larger  than  was  ever  before  subject  to  the  investigation  of  a  single 
naturalist. 

Fossil  botany. — Prof.  Leo  Lesqoereni  has  been  engaged  during  the 
past  year  in  studies  of  the  tertiary  florn.  These  are  now  complete^, 
a«l  his  monograph  has  been  issued  from  the  press. 

Bote»y.— The  botany  of  the  Survey  was  represented  the  past  season 
by  the  two  great  masters  of  that  department,  Sir  Joseph  D.  Hooker, 
director  of  the  Kew  Gardens,  England,  and  president  of  the  Boyal 
Society  of  London  j  and  Prof.  Asa  Gray,  of  Cambridge,  Mass.    Their 
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exftminatioDS  extended  over  a  great  portion  of  Oolorado,  Wyoming,  TJtah, 
Neradft,  and  OaliforDio.  Tbeir  investigation  into  the  Alpine  floras  and 
liee-vegetatioa  of  .the  Bocky  Mountains  and  Sierra  N'evada  enabled  tUctn 
to  give  a  clear  idea  of  the  relations  and  todnence  of  the  climatic  condi- 
tioDB  on  botb  sides  of  the  great  mountain-ranges. 

Sir  Joseph  Hooker,  whose  Iwtanic&l  researches  embraoe  the  greater 
part  of  Europe;  the  Indies,  from  the  Bay  of  Bengal  across  the  Oima- 
laya's  to  Thibet ;  the  antarctic  reckons  and  the  sontbern  part  of  Sooth 
America,  Sew  Zealand,  Aastralift,  Sooth  Africa,  Morocco,  nnd  Asia 
Minor,  presents  in  the  English  periodical  "  Nature,"  for  October  25, 1877, 
an  ontline  of  bia  studies  during  the  season,  and  this  outline,  when  filled 
oat,  will  form  a  most  important  part  of  the  eleventh  annual  Beport  of  the 
aarvey.  It  will  be  seen  at  a  glance  that  the  report  will  be  of  the  most 
comprehensive  character,  and  cannot  fail  to  be  of  the  highest  interest 
to  oar  people.  The  tree-vegetation,  and  especially  the  conifers,  were 
made  special  objects  of  stndy,  and  many  obscure  potnta  were  cleared  up. 

Dr.  Qooker  sums  up  the  results  of  the  joint  investigations  of  Dr.  Gray 
and  himself,  aided  by  Dr.  Gray's  previously-intimate  knowledge  of  the 
elements  of  the  American  flora,  from  the  Mississippi  to  the  Pacific  coast : 

Thd  the  vegetation  of  the  middle  latitades  of  tbe  continent  iMolvw  itaalf  Into  three 
piioDlpal  meiidional  flons,  iaoompanbly  more  diTerae  than  thoee  presented  b;  any 
ilmiUr  meridiana  In  tbe  Old  World,  being,  In  fact,  aa  tar  ae  tbe  trees,  ahmba,  and  many 
Senen  of  horbaceoiiB  plants  are  concerned,  absolutely  dietioct.  These  are  the  tiro 
homid  and  the  dry  Intermediate  legions  above  Indicated. 

Eaeh  of  theae,  again,  la  aabdivirible  Into  three,  a«  follows : 

1.  Tbe  Atlantlo  slope  pins  Hisaiaalppl  region,  ■□bdiTislble  Into  (a)  an  Atlaotlc,  {0) 
^  UissiMlppl  Valley,  and  (/)  an  iaterpoaed  monntaln  region  with  a  temperate  and  enb- 
tipiue  flora. 

2.  The  PooiOo  slope,  subdivisible  Into  (a)  a  very  humid,  oool,  forest-clad  coaat  range; 
(d)  tbe  great,  bot,  drier  Califbmtau  valley  formed  by  the  San  Jnan  Blver  flowing  to 
tlw  aorih  and  the  Saerameuto  Biver  flowing  to  the  sontb,  both  into  the  Bay  of  San 
Fraiiciaoo;  and  (.j)  the  Sierra  Nevada  flora,  temperat»,  sobalplne,  and  Alpine. 

3.  Tlie  Booky  Hoontaln  region  (in  its  widest  sense  exteniliDg  from  the  Hiodsslppi 
beyond  its  forest  region  to  the  Sierra  Nevada),  snbdivlaible  into  (n)  a  ptaiHe  flora, 
0^  a  deaert  or  a  saline  flora,  (y)  a  Rooky  Moantain  proper  flora,  temperate,  subalpine, 
and  Alpine. 

As  above  stated,  the  difference  between  the  floras  of  the  flrst  and  second  of  these  re- 
gion* is  Bpeeifioally,  and  to  a  great  extent  generioally,  abaolnte ;  not  a  pine  or  oak, 
maple,  elm,  plane,  or  birch  of  Eastern  Ameriea  extende  to  Western  America;  and  genera 
o[ thirty  to  fiRy  species  are  confined  to  each.  Tbe  Rocky  Monntaio  region  again,  tbongh 
sbandantly  distinct  from  both,  has  a  few  elements  of  tbe  eastern  region  and  still  more 
of  tbe  western. 

Haoy  intonating  foots  oonneeted  with  tbe  origin  and  dtstributlnn  of  American  plants, 
and  the  iotrodoolion  of  tbe  varioos  types  Into  three  regions,  preaenMd  tbeniselves  to 
onr  otiservaiioDS  or  oar  mindsdariog  oar  wanderings.  Many  of  these  are  snggestire  of 
comparative  stndy  with  the  admirable  results  of  Beet's  and  Lasqoeronx's  investiga. 
tions  into  the  Pliocene  and  Miocene  plants  of  the  norlh  temperate  and  frigid  zones, 
and  which  bad  already  engaged  Dr.  Gray's  attention,  as  may  be  found  in  bis  varioos 
pablioations.  No  lew  interesting  are  the  traces  of  tbe  Inflnence  of  a  glacial  and  a 
wanner  period  In  directing  the  oonrse  of  migralion  of  srotio  forms  unthward  and 
Ueiican  forma  uorthnanl  in  tbe  continent,  and  of  the  efieots  of  tike  great  body  of 
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wat«r  Hiat  ooeapied  the  whole  nline  Ngion  dnriog  (m  it  wvnld  ftppaar)  ft  glACiil 

Lastly,  cnrionB  informatioD  wu  obtained  respeotiDg  the  agea  at  not  only  the  liig 
trees  of  CalifoTnia,  but  of  eqaally  aged  pinea  and  jonipers,  which  are  proofs  of  that 
dTtratloD  of  ezlstlog  oouditionH  of  climatfi  for  which  evidence  has  hitherto  been  aoDght 
ratber  amoog  fossil  than  arnoog  living  orgaaisnu. 

Zoology. — Prof.  Joseph  Leidy,  the  eminent  comparatiTe  anatomist  and 
microsoopist,  made  his  secood  visit  to  the  West  the  p^t  season  under 
the  anspices  of  the  Sarvey.  He  made  a  careful  exploration  of  the  co«q- 
try  abont  Fort  Bridger,  CTiDta  Mountains,  and  the  8alt  Lake  Basin,  in 
search  of  rhizopods.  He  has  been  engaged  for  a  long  time  on  a  memoir 
on  this  subject,  which  vill  eventoally  form  one  of  the  series  of  tbe  quarto 
Reports  of  the  Survey. 

The  rhizopods  are  tbe  lowest  and  simplest  forms  of  animals,  mostly 
minate,  and  reqairing  high  power  of  the  microscope  to  distinguish  their 
strnotnre.  While  most  of  them  eoostmot  shells  of  great  beauty  and 
variety,  tbeir  soft  part  consists  of  a  jelly-like  substance.  This  tbe  ani- 
mal has  the  power  of  extending  iu  threads  or  finger-like  processes,  whidi 
are  used  ae  organs  of  locomotion  and  prehension,  often  branching. 
From  tbe  appearance  of  their  temporary  organs,  resembling  roots,  tbe 
class  of  animals  bos  reoelved  iu  name  of  rhiaopoda,  meaning  literally 
^oo^footed. 

In  compensation  for  the  smallness  of  these  creatures,  they  make  up 
iu  numbers,  and  it  is  questionable  whether  any  other  class  of  animals 
exceeds  them  iu  importance  in  the  eeooomy  of  nature.  Geologteal  evi- 
dence shows  that  they  were  the  starting-poiat  of  animal  life  in  time,  and 
their  agency  iu  rock-making  has  not  been  exceeded  by  later  higher  and 
more  visible  forms. 

With  tbe  marine  kind,  known  as  foraminifera,  we  have  been  loogeet 
familiar.  Their  beautiful  many-cbambered  ^ells — tot  the  most  part 
just  visible  to  the  naked  eye — form  a  large  portion  of  the  ooean-mnd 
and  tbe  sands  of  the  ocean-shore.  Shells  of  foraminifera  likewise  form 
the  basis  of  miles  of  strata  of  limestone,  sucb  as  tbe  chalk  of  Buglaod 
and  the  limestones  of  which  Paris  and  the  pyramids  of  Egypt  are  built. 

Fresh-water  rhizopods,  though  not  so  abundant  as  marine  forms,  are 
nevertheless  very  numerous.  They  mainly  inhabit  our  lakee,  ponds,  and 
fitanding  waters,  but  they  also  swarm  iu  sphagnons  swamps  and  ever 
live  in  newest  earth.  Professor  Leidy  has  devoted  several  years  of 
etndy  to  the  fresh- water  rhizopods  of  the  eosteru  portion  of  oar  country, 
aud  his  especial  object  in  the  past  expedition  was  to  investigate  those 
which  are  to  be  found  iu  the  elevated  regions  of  tbe  Rooky  HonntaiiB. 

Dr.  Elliott  Oones,  secretary  and  naturalist  of  the  Survey,  though  pre- 
vented from  taking  the  field  during  1877  by  the  press  of  publications, 
which  required  his  stay  at  the  Washington  office,  has  continued  his  in* 
vestigatioua  iu  Mammalogy  and  Ornithology.  The  printingof  tee  "Birds 
of  the  Colorado  Basin''  has  steadily  progressed  during  tbe  year,  and  very 
great  accessions  of  material  for  his  forthcoming  Report -oh  North  Ameri' 
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can  Mammalottj  bave  been  received.  He  is  at  preseot  iuvestigatiDg  the 
Insectivora  of  Nortli  America,  witb  a  view  to  a  special  monograpb  on 
th»t  subject. 

Mr.  J.  A.  AUou  is  eugaged  upon  an  exbaostiTe  memoir  od  the  PioDi- 
peds,  to  be  probably  completed  this  year. 

Dr.  Coues  reports  unusual  activity  in  tlie  department  under  his  charge, 
and  a  very  forwanl  state  of  tbe  several  investigations  now  ia  progress. 

Archaologg. — Jlr.  "W.  U.  Jackson,  pbotographer  of  the  Snrvey,  has 
added  to  hia  department  the  work  of  reproducing  the  ancient  mins  of 
Southwestern  Colorado,&c.,  by  models.  S[>ecimens  of  theancient  pottery 
are  also  represented,  not  only  by  photographs,  but  also  by  actnal  models. 

In  the  spring  of  1877,  Mr.  Jacksou  made  a  tour  over  much  of  the 
Dorthern  part  of  New  Mexico  and  westward  to  tbe  Mogul  towns  iu 
Arizona,  aud  secured  materials  for  a  number  of  very  interesting  models, 
illostrating  tbe  methods  of  the  pneblos,  or  town-builders,  in  the  coo- 
straction  of  their  dwellings.  Two  villages  have  been  selected  for  imme- 
diate constmctioQ,  as  showing  the  most  ancient  and  best-known  exam- 
ples of  their  pecoliar  architecture,  viz,  Taos  and  Acoma;  the  one  of 
many-storied,  terraced  bouses,  and  tbe  other  bnilt  high  upon  an  impreg- 
nablerock.  The  model  of  Taos  is  now  completed,  the  dimensions  of  which 
are  43  by  39  inches,  and  the  scale  one  inch  to  twenty  feet,  1:240. 

Of  this  town  Davis  says: 

It  is  the  beat  Mmple  of  the  aDcient  mo()e  of  building.  Here  are  two  large  hoases 
three  oi  fonr  hundred  f«et  In  length  and  abont  ooe  hoodred  and  fifty  fe«t  iritle  at  the 
iMse.  They  are  silaated  apoa  oppOBit«  aides  of  a  small  creeli,  and  in  aooient  timea 
are  said  to  have  beeo  connected  by  a  bridge.  They  are  five  and  aix  stories  high,  each 
■tor;  receding  frotn  tbe  one  below  it,  and  tbua  fonniog  a  strnctnre  tenaoed  from  top 
to  bottom.  Each  story  U  divtded  into  onmeroas  little  compartments,  the  outer  tier 
otroomsbeiagtigbt«d  by  small  windows  in  the  aidea,  while  those  in  tbe  interior  of  the 
Iniilditig  are  dark,  and  are  principally  nsed  as  store-rooms.  *  •  ■  The  only  means 
of  eotranoe  is  through  a  trap-door  in  tbe  roof,  and  yon  ascend  from  story  to  story  by 
ueani  of  ladden  on  tbe  outside,  wbieh  are  drawn  up  at  night. 

Their  contact  with  Europeans  has  mo<1ifled  somewhat  their  ancient 
style  of  buildings,  principally  in  substituting  door-ways  in  the  walls  of 
their  honses  for  those  in  the  roof.  Their  modem  bntldings  are  rarely 
over  two  stories  in  height,  and  are  not  distinguishable  from  those  of 
t^eir  Mexican  neighbors.  Tbe  village  is  surrounded  by  an  adobe  wall, 
which  is  first  inclnded  within  the  limits  of  the  model,  and  incloses  an 
area  of  eleven  or  twelve  acres  in  extent.  Within  this  limit  are  four  of 
tbeir  estufaa,  or  secret  council -hotises.  These  are  circular  nnderground 
apartments,  with  a  narrow  opening  in  the  roof,  sarroanded  by  a  pali- 
Bade;  ladders  being  nsed  to  go  in  and  out. 

These  models  are  first  carefully  built  up  in  clay,  in  which  material  all 
tlie  detail  is  readily  secured,  aud  then  cast  in  plaster,  a  mold  being 
secured  by  wbioh  tUey  are  readily  multiplied  to  any  extent.  They  are 
then  put  into  the  hands  of  the  artiste  and  carefully  colored  in  solid  oil 
paint«  to  accurately  resemble  tbeir  appearance  in  nature,  and,  in  the 
case  of  restorations  of  modern  buildings,  all  the  little  additions  are  made 
5  a 
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vhicb  will  give  tbem  the  appearance  of  occupation.  The  Sarvey  ie  in 
possession  of  the  data  for  the  constrnctiou  of  many  more  models,  and 
they  will  be  brought  oat  as  opportunity  is  given.  They  have  also,  in 
connection  with  the  views,  maltiplied  many  of  the  curioas  pieces  of  irat 
tery  which  have  been  brought  back  from  that  region  by  the  varioas 
parties  connected  with  the  Survey. 

O^lce  work  in  1877. — The  early  part  of  the  year  in  the  oflBee  was 
devoted  to  the  completion  of  the  Colorado  work,  and  the  latter  part  was 
occnpied  in  working  np  the  snmmer's  notes. 

Dnring  the  summer,  Mr.  W.  H.  Holmes  remained  in  the  office,  super- 
intending the  publication  of  the  Atlas  of  Colorado,  which  is  now  rapidly 
approaching  completion.  A  large  portion  of  the  time  was  devoted  hy 
him  to  the  preparation  of  the  "  Economic  Map,"  the  "General  Geological 
Map,"  the  "  Geological  Sections,"  and  the  "  Panoramic  Views."  The  fol- 
lowing are  the  sheets  included  in  the  Atlas  of  Colorado: 
I.  Triuugulatiou  Map. 
II.  General  Drainage  Map. 

III.  Economic  Map. 

IV.  General  Geological  Map. 

V.  Northwestern  Colorado.  XI.  Northwestern  Colorado. 

VI.  Northern  Central  Colorado.  XII.  Northern  Central  Colorado. 
VIL  Central  Colorado.  XIII.  Central  Colorado. 

VIII.  Western  Colorado.  XIV.  Western  Colorado. 

IX.  Southwestern  Colorado.  XV.  Southwestern  Colorado. 

X.  Southern  Central  Colorado.      XVI.  Southern  Central  Colorado. 
XVII  &  XVIII.  Geological  Sections. 
XIX  &  XX.  Panoramic  Views. 
FuhlicatiotM. — The  year  1877  witnessed  a  marked  increase  in  the  num- 
ber of  publications  of  the  Survey,  no  fewer  than  nine  separate  and  formal 
works  having  been  isaned.    These  are  enumerated  as  follows: 

1.  Catalogue  of  the  publications  of  the  Survey  (second  edition,  revised 
to  December  31, 1876). 

2.  The  annual  report  for  1875,  a  large  octavo  of  over  800  pages,  fully 
illustrated  with  plates,  maps,  and  wood-cuts,  giving  the  results  of  the 
field-work  of  the  year  1875,  with  an  extensive  appendix,  consisting  of 
J.  A.  Allen's  Memoir  on  the  Buffalo,  and  A.  S.  Packard's  Eeport  on 
KoxiouB  and  Beneficial  Insects. 

3.  A  preliminary  report  of  progress  for  the  fleld-aeasou  of  1877,  forming 
part  of  the  annual  report  of  the  Secretary  of  the  Interior  for  1877.  The 
fnll  reports  for  the  years  1876  and  1877  are  in  press,  and  will  form  two 
large  octavo  volumes. 

4.  Volume  III  of  the  "Bulletin  "of  the  Survey,  containing  very  nu- 
merous articles  in  various  departments  of  physical  and  biological  science. 

5.  The  fourth  edition  of  miscellaneons  publications  No.  1,  being  <' Lists 
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of  ElevatioDS,'*  &c.,  by  Henry  Gannett,  entirely  revised  antl  greatly  en- 
larged, DOW  forming  an  independent  ocLavo  volume  of  107  pages. 

6.  MiacellaDeous  publications  Fo.  7,  "Bthnograpby  and  Philology  of 
the  Hidatsa  Indiana,"  bj  Dr.  Waabington  Matthews,  U.  S.  A. 

7.  Miscellaneous  publications Ko.  S,  "Fur-bearing  Animals;  a  mono- 
graph of  Nortb  American  Mnstelidse,"  by  Dr.  Elliott  Conea,  U.  8.  A. 

8.  Miacellaneoua  publications  N^o.9,"DescnptiveCatalogueofPboto- 
grapba  of  Nortb  American  iDdiaua,"  by  W.  H,  Jackson. 

9.  Bleveotb  volume  of  Final  Beports,  quarto  aeries,  "Monograph  of 
Korth  American  Eodentia,"  by  Dr.  Elliott  Coues,  U.  S.  A.,  and  Prof. 
J.  A.  Allen,  forming  a  large  quarto  volume  of  1110  pages,  with  plates. 

Yarious  publicatious,  including  Leo  Leaquereux's  Tertiary  Flora,  to 
form  Yolnnie  Yll  of  the  quarto  series,  several  numbers  of  tbe  Bulletin, 
miscellaneous  publicationa,  and  two  annual  reports  are  now  in  press. 

GEOOEAPHICAL  AND  GEOLOGICAL  SURVEY  OF  THE  EOCKY  MOUNTAIN 
BEGION,  BY  PBOF.  J.  W.  POWELL,  IN  1877. 

Aboat  the  middle  of  May  last,  the  surveying  corps  again  took  tho 
field.  This  year  the  rendezvous  camp  was  at  Mount  Pleasant,  a  little 
town  in  Utah,  abont  125  miles  south  of  Salt  Lake  City.  Three  partiea 
were  organized,  under  tbe  direction  of  Prof.  A.  H.  Thompson ;  one  to 
extend  the  triangulation,  and  two  for  topographic  purposes,  tbe  latter 
b^g  under  charge  of  Mr.  W,  H.  Graves  and  Mr.  J.  H.  Rensbawe,  re- 
spectively, and  the  former  under  tbe  immediate  diiection  of  Professor 
ThompsoQ,  assisted  by  Mr,  O.  D.  Wheeler. 

The  area  designated  for  the  season's  work  lies  between  38°  and  W> 
3Xy  north  latitude,  and  between  109°  30'  and  112°  west  longitude,  Green- 
wich, and  is  embraced  in  atlas  sheets  86  and  76. 

Triangulation. — The  triangulation  party  left  Monnt  Pleasant  in  June. 
The  work  of  this  year  being  a  continuation  of  the  espansion  from 
the  Gnnnison  base-line,  measured  in  1871,  it  was  desirable  to  first  visit 
some  of  the  geodetic  points  established  in  previous  years,  but  tbe 
nnprecedented  amount  of  snow  yet  remaining  in  the  high  plateaus  and 
mouDtains  rendered  this  impracticable,  and  the  first  part  of  the  season 
was  spent  in  establishing  stations  on  the  Ta-vd-puts  Plateau  west  of  the 
Green  Biver.  Inmidsummerthoparty  was  able  to  visit  the  high  plateaus 
and  connect  the  work  of  past  years  with  that  of  this  season.  Later  the 
triangulation  was  extended  to  the  east.  Joining  the  work  of  the  United 
States  Geological  and  Georaphical  Survey  of  the  Territories,  under 
charge  of  Dr.  F.  Y.  Hayden,  and  to  tho  north  to  join  the  work  of  the 
TJnited  States  Geological  Exploration  of  the  Fortieth  Parallel,  Clarence 
King,  United  States  geologist,  in  charge.  The  whole  area  of  tbe  sea* 
son's  work  embraces  something  more  than  13,000  square  miles.  The 
tDBtrument  nsed  was  the  theodolite,  hereafter  described.  The  points 
sighted  to  on  the  geodetic  stations  were  either  artificial  monuments  or 
well-defined  natural  points,  and  all  stations  were  marked  by  stone  cairns. 
Topographic  work  by  Mr,  Oravea. — The  district  assigned  to  Mr.  Graves 
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for  topographic  work  was  tbat  embraced  in  the  eastern  half  of  atlas 
sheet  TS,  and  that  portioD  of  sheet  86  lying  east  of  the  Green  and 
Colorado  Bivers,  an  ar^a  of  about  10,000  square  miles.  The  most  re- 
markable topographic  feature  of  this  region  ia  a  bold  escarpment  facing 
the  sonth,  and  extending  from  the  westero,  far  beyond  the  eastern  limit 
of  Mr.  Graven'  work.  This  is  known  as  the  Book  ClilFs.  At  the  foot 
of  this  escarpment  lies  a  narrow  valley,  through  which  passes  the  only 
practicable  route  of  travel  between  Central  Utah  and  Western  Colorado. 
South  of  the  valley  the  whole  region  is  cut  by  a  labyrinth  of  canons, 
formed  by  the  Grand,  Green,  and  8au  Kafael  Bivers  and  their  triba- 
taries.  This  region  is  one  of  the  most  inhospitable  and  inaccessible  in 
the  territory  of  the  United  States.  It  is  characterized  by  extreme 
aridity,  and  some  portions  are  cut  by  many  narrow  gorges,  forming 
"  alcove  lands."  In  other  portious  are  found  hills  of  naked  sands  and 
clays,  regions  of  bad  lands,  bold  cliffs,  towering  monuments,  hills  of 
drifting,  glittering  sands,  and  deep,  tortuous  canons,  which  give  to  the 
landscape  a  strange  and  weird  appearance. 

The  Book  Cliff:«  rise  to  an  average  altitude  above  their  base  of  3,000 
feet,  and  about  8,500  feet  above  the  sea-level,  and  the  country  from  the 
southern  crest  iucliues  gently  northward  to  the  valleys  of  the  White  and 
Uinta  Eivers.  This  gigantic  terrace,  called  the  Taviputs  Plateau,  is 
cut  in  twain  from  north  to  south  by  the  profound  gorges  through  which 
the  Green  Biver  runs,  known  as  the  Caiion  of  Desolation  and  Gray 
Caiion.  The  drainage  of  the  plateau  is  northward  from  the  brink  of 
the  cliffs  through  deep,  narrow  canons  for  many  miles,  but  at  last  all 
these  enter  CaHoQ  of  Desolation  a  few  miles  from  Ita  head.  B'orth  of 
the  Ta-vdputs  Plateau  are  the  valleys  of  tbe  White  and  Uinta  Bivers. 
Kearly  all  the  former  and  a  large  portion  of  the  lower  course  of  the 
latter  are  within  the  boundaries  of  Mr  Graves'  work- 
Over  tbe  whole  district  assigned  to  Mr.  Graves  be  extended  the 
secondary  triaugulation.  Owing  to  the  peculiar  topography  of  the 
country,  his  stations  will  average  about  twelve  miles  apart.  He  also 
made  a  connected  plane-table  map  of  the  whole  area,  and  complemented 
bis  work  with  orographic  sketches. 

In  the  southern  portion  of  the  area  surveyed  by  Mr.  Graves,  consider- 
able bodies  of  irrigable  lands  are  found  along  the  Grand,  Gteen,  Saa 
Bafael,  and  Price  Bivers,  and  in  the  northern  part,  along  the  Green 
Biver  and  in  the  valleys  of  the  Uinta  and  White  Bivers,  are  other  large 
tracts,  on  which  tbe  waters  of  the  streams  named  can  be  conveyed  at 
slight  cost.  Mr.  Graves  determined  the  extent,  character,  and  location 
of  these  lands,  and  the  amount  of  water  carried  by  the  streams  throagh- 
out  the  area  embraced  iu  his  work. 

On  the  Ta-v^-puts  Plateau  are  small  forests  of  pine  and  fir,  but  gener- 
ally Mr.  Graves'  district  [Missesses  no  more  timber  than  sufficient  to 
meet  the  future  local  requirements  of  actual  settlers. 

Topographic  work  by  Mr.  lienshaKc. — The  district  assigned  Mc.  Ben- 


iiyGooylc 


APPENDIX  TO  BEPORT  OF  THE  SBCEETARY.        69 

staawe  was  that  embraced  in  tbe  western  portion  of  atlas  sheet  75,  an 
area  of  aboat  6,000  sqaare  miles.  The  easteni  portion  of  this  area  ia  a 
broad  table-land  called  tbe  Wasatcb  Flatean,  baTing  an  average  eleva- 
tion of  aboat  9,500  feet,  cut  by  deep  valleys  and  drained  from  its  very 
western  edge  toward  tbe  east  by  tbe  Fremont,  San  Bafael,  and  Uinta 
Bivers.  The  western  portion  inclndee  broad  valleys,  abrapt  ranges  of 
monntaina,  and  one  plateaa  of  considerable  extent.  The  principal  val> 
leys  in  this  part  are  the  San  Pete,  Juab,  and  Utah  all  having  a  general 
northern  and  sonthern  trend,  an  average  elevation  of  abont  5,000  feet, 
and  all  are  drained  by  tbe  Sao  Fete  Biver  and  the  streams  Sowing  into 
Utah  Lake.  The  monntaiu-ranges  standing  between  tbe  valleys  are  the 
Wasatcb,  rising  in  its  highest  peaks  to  12,000  feet,  the  Lake  Moantains, 
and  the  Tiutic  Hills,  each  reaching  an  altitude  of  nearly  7,500  feet 

The  tableland  called  Gnnuison  Plateau  has  an  area  of  about  750 
sqaare  miles,  and  an  average  elevation  of  8,000  feet.  It  is  bonoded  on 
three  sides  by  almost  vertical  walls,  and  is  extremely  ragged  and  diffl- 
cnlt  to  traverse. 

There  is  bat  little  irrigable  land  in  the  eastern  portion  of  Mr.  Ben- 
shawe's  district,  bat  the  broad  valleysof  tbe  western  portion  contain  large 
areas  of  excellent  lands,  and  the  nnmerons  streams  furnish  a  good  sup- 
ply of  water.  Mr.  Benshawe  determined  tbe  volume  of  water  in  every 
considerable  stream,  as  well  as  the  extent  and  localities  of  the  irrigable 
lands,  tbronghout  bis  district. 

On  tbe  platenus  and  mountain-ranges  are  large  quantities  of  excellent 
timber.  On  tbe  head-waters  of  Price  Biver  and  ou  Huntington  Creek 
are  extensive  beds  of  coal,  and  on  that  portion  of  tbe  Wasatch  Bange 
iaelnded  id  Mr.  Benshawe's  district  are  deposits  of  silver  and  galena. 

Mr.  Beoshawe  extended  tbe  secondary  triangulation  over  the  whole 
district  assigned  him,  making  stations  at  an  average  distance  of  aboat 
eight  miles,  and  measaring  all  tbe  angles  of  nearly  every  triangle  in  the 
extension.  He  also  made  a  connected  plane-table  map  of  tbe  whole 
area,  and  complemeuted  his  work  with  a  complete  set  of  orographic 
sketches. 

Bgpiometry. — The  hypsometric  work  of  this  season  rests  ou  a  primary 
base  established  at  the  general  sapply  and  rendezvons  camp  at  Mount 
Pleasant,  and  connected  by  a  long  series  of  observations  with  the  sta- 
tion of  tbe  United  States  Signal  Service  at  Salt  Lake  City.  At  tbe  base- 
station  observations  were  made  with  mercnrial  barometers  four  times 
each  day,  and  for  eight  days  daring  the  month  hourly  from  7  a.  m.  to  9 
p.  m.  Mercurial  barometers  were  carried  by  each  field-party  aad  obser- 
vations made  to  connect  every  camp  with  the  base-station.  All  tbe 
geodetic  points  and  topographic  stations  were  connected  by  observa- 
tions with  mercnrial  barometers  either  with  tbe  camps  or  directly  with 
the  base-staUon  or  both.  All  the  topographic  stations  were  also  con- 
nected with  each  other  by  angalation,  and  from  these  stations  the  alti- 
tudes of  all  located  points  were  determined  by  tbe  same  method. 
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ImtruTnenti — Base-measuring  apparatus. — Tbe  apparatus  used  in  meas- 
uring the  base-lines  from  wliicU  the  primary  triangulation  ia  developed 
consists  essentially  of  wooden  rods  aligned  and  leveled  od  movable 
trestles  or  tripods,  tbe  contact  being  made  by  coiucidence  of  lines  in- 
stead of  by  direct  abutment. 

Tbe  rods  are  15  feet  loug,  one-lialf  of  an  incb  square,  tborougbly  dried, 
oiled,  and  varnished ;  tbey  are  supported  in  cases  made  truss-form  to 
prevent  sagging,  and  moved  in  these  cases  to  make  the  coDtact  by  a 
rack  and  pinion  motion.  Both  euds  of  the  rod  are  shod  with  a  plat«  of 
brass  firmly  flxed  upon  and  half  the  width  of  the  rod,  or  ono-fourtb  of 
an  inch,  and  so  arranged  that  tbe  plate  upon  the  forward  end  of  any  rod 
projects  by  the  plate  upon  the  rear  end  of  the  preceding  one  in  such  a 
mauuer  that  both  rods  are  in  the  same  straight  line.  The  line  of  coind- 
deuce  is  marked  upon  both  plates  and  contact  is  determined  by  a  mag- 
nifier. 

A  delicate  spirit-level  is  attached  to  each  case  to  adjust  it  horizontally 
and  a  thermometer  inserted  to  determine  the  temperature  of  the  rod. 
Two  steel  pins,  by  wliicb  the  rods  are  aligned,  are  fixed  on  tbe  cases 
directly  over  tbe  center  of  the  euds  of  the  rods. 

Tbe  tripods  (or  stands  upon  which  the  cases  carrying  the  rods  rest] 
have  short  double  legs  of  the  usual  construction.  Firmly  fi^ced  upon  the 
trii>od-head8  are  two  uprights  upon  which  a  sliding  cross-piece  is  clamped 
by  thumb-screws.  Above  this  cro&s-piece,  parallel  to  and  carried  with 
it,  is  a  second,  which  can  be  moved  up  or  down  three-fourths  of  an  incU 
by  means  of  a  long  slender  wedge  working  between  the  cross-pieces, 
and  furnishing  an  easy  means  of  making  the  final  adjustment  of  the 
rods  iu  level.  -The  uprights  are  several  inches  apart,  and  give  sufficient 
laoge  to  align  the  rods,  which  is  done  by  a  theodolite  placed  in  advance 
upon  the  line  to  be  measured.  Two  or  three  rods  and  six  or  eight  tri- 
pods are  used.  The  rods  are  kept  in  a  horizontal  position,  and,  when  tbe 
inequalities  of  the  ground  demand,  vertical  offsets  are  made  with  a  the- 
odolite. The  liue  is  first  ranged  out,  and  stakes  set  600  feet  apart  along 
its  length,  then,  with  six  men  to  work  the  apparatus,  3,000  feet  per  day 
can  be  measured  with  all  the  accuracy  the  refinements  of  tbe  triangu- 
lation demand. 

Theodolite. — Tbe  theodolite  used  in  the  triangulation  is  of  a  new  pat- 
tern, embraciug  a  number  of  improvements  demanded  by  the  character 
of  the  work.  So  far  as  possible  tbe  number  of  parts  has  been  reduced 
by  casting  in  a  single  piece  parts  that  are  usually  combined  by  screwa. 
In  this  manner  the  liability  to  derangement  incident  to  tbe  vicissitudes 
of  mountain  work  is  greatly  reduced.  The  telescope  has  been  enlarged 
as  compared  with  the  graduated  circle,  so  as  to  make  its  defining  power 
bear  a  greater  proportion  than  usual  to  the  refinement  of  graduation- 
Tbe  object-glass  bos  an  aperture  of  two  inches  and  a  foca)  length  of 
twenty,  Tbe  horizontal  circle  is  ten  inches  in  diameter,  and  reads  by 
double  verniers  to  five  seconds  of  arc.    Tbe  vertical  circle  is  five  inches 
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in  diameter  and  reads  to  one  minute.  The  iiistromeut  also  embraces 
other  improvements  designed  to  secare  greater  stability,  with  ease  and 
rapidity  ia  manipulation. 

Plane-TahU. — In  the  topographic  work  the  gradicDtor  and  sketch-book 
have  been  superseded  by  the  plane-table  and  the  orograph.  The  plane- 
table  in  use  is  of  a  pattern  designed  by  Professor  Thompson  especially 
for  work  of  this  character.  The  drawing-board  is  mnde  of  a  series  of 
slats  firmly  fixed  to  canvas  in  such  manner  that  it  can  be  rolled  into 
small  compass  for  trausx^ortation ;  bat  when  nnrolled  for  work  it  is  so 
secored  by  cross-pieces  and  screws  that  great  stability  is  attained. 
When  in  use  it  is  fastened  to  the  platen  of  the  orograph.  The  position 
of  important  features  in  the  topography  is  fixed  with  an  alidade  by  the 
naual  methods  of  intersection  and  resection.  Details  are  placed  directly 
niton  the  map  while  they  are  still  under  the  eye  of  the  topographer,  and 
much  of  the  labor  and  uncertainty  of  description  by  notes  is  avoided, 
and  the  experience  of  &ve  years  in  its  use  has  demonstrated  that  the 
plane-table  as  modified  is  equally  well-adapted  to  regions  of  mountains, 
bills,  plains,  or  plateaus.  The  sketches  produced  are  actaal  maps  and 
not  mere  map  material.  They  need  only  to  be  adjusted  in  conformity 
with  the  triangulation,  and  but  slight  adjustment  is  necessary.  And  it 
has  been  further  demonstrated  that  a  topographer  in  one  field-seasoD 
CHn  extend  his  work  over  an  area  of  about  7,000  square  miles  vith  all 
the  accuracy  necessary  for  the  scale  adopted  by  the  Interior  Depart- 
ment for  the  physical  atlas  of  the  Eocky  Mountain  Region,  %.  e.,  a  scale 
bffour  miles  to  the  inch. 

Orograph. — The  orograph  is  an  instrumeiit  new  to  topographic  survey- 
iog,  adapted  to  the  requirements  of  this  work  by  Professor  Thompson. 
It  consists  essentially  of  a  telescope  erected  above  a  platen  or  drawing- 
board,  on  which  the  movements  of  its  optical  axis  are  recorded.  The 
telescope  rotates  about  a  vertical  and  about  a  horizontal  axis,  similarly 
to  the  telescope  of  a  theodolite,  and  is  connected  by  simple  mechanism 
with  a  pencil  which  rests  on  a  sheet  of  paper  fixed  to  the  platform. 
When  the  topographer  moves  the  telescope  bo  as  to  carry  it^  optical 
axix  over  the  profiles  of  the  landscapes  the  pencil  traces  a  sketch  of 
tbe  same.  This  sketch,  being  mechanically  produced,  is  susceptible 
of  measurement,  and  is  a  definite  and  authoritative  record  of  the  aagalar 
relations  of  tbe  objects  sketched.  The  instrument  is  also  furnished  with 
graduated  circles,  on  which  horizontal  and  vertical  angles  may  be  read 
to  the  nearest  half  minute,  aud  these  circles  are  used  for  the  secondary 
triangulation.  The  orograph  aud  plane-table  are  used  coqjoistly,  and 
their  results  furnish  data  for  the  production  of  contour  maps.  It  is 
believed  that  by  their  iutroductiou  the  quality  of  topographic  work  has 
been  much  improved  without  addition  to  its  cost.  >yhea  a  topographer 
takes  the  field  with  these  two  instruments  and  plane-table  sheets  ott 
which  the  primary  triangulation  has  been  previously  plotted,  he  returns, 
with  a  map  on  which  all  of  the  geographic  featnrcs  to  be  delineated 
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have  been  determined  by  their  angnlar  relations,  and  the  scenic  char- 
acteriatica  necessary  to  gire  proper  effect  to  the  maps  have  l>eea  oat- 
lined  by  iustrameutal  means.  lu  this  manner  the  snbaeqnent  constrsc- 
tion  of  maps  at  the  office,  ready  for  the  engraver,  is  redaced  to  a 
mtuimnm  of  labor,  while  for  the  proper  accuracy  the  topographer  is  not 
necessitated  to  resort  to  his  memory  for  the  appearance  of  the  tand- 
seape,  bat  only  to  the  definite  record. 

Barometers. — The  iastrnmeDts  used  in  the  hypsometric  work  are  Green's 
mercarial  mountain  barometers,  Green's  psychromcters,  and  aneroid  bar- 
ometers of  the  usual  constrnctiou. 

Cartography. — Much  attention  has  been  given  to  this  subject  for  the 
purpose  of  determining  the  best  method  of  representing  the  topography 
of  the  region  sorveyed,  taking  into  consideration  the  character  of  the 
country,  the  more  important  facts  to  be  embodied,  and  the  scale  adopted 
for  the  physical  atlas  of  the  Interior  Department.  The  systems  of  car- 
tography in  use  in  this  country  and  many  of  those  of  Europe  have  been 
examined  and  studied,  and  many  experiments  have  been  made  in  the 
ofBce  for  the  purpose  of  determining  the  best  methods  adapted  to  these 
circumstances  and  conditions. 

For  the  physical  atlas  heretofore  mentioned  it  is  proposed  to  represent 
the  topography  by  contour  lines  with  auxiliary  hatchings  to  indicate 
rock  surface  and  shading  for  general  reliefs,  these  so  applied  as  not  to 
obscure  the  contours.  For  special  purposes  hatched  maps  are  used,  for 
others  contour  maps,  and  for  purposes  relating  to  the  discussion  of  geo- 
logical structure  maps  are  made  by  photographing  or  lithographing 
models  or  relief  maps  in  plaster- 

ClassificatioH  of  lands  by  Mr.  Gilbert. — The  survey  under  the  direction 
of  Professor  Powell  has  been  esteuded  over  the  northern  portion  of 
Arizona  and  the  greater  part  of  Utah,  but  a  broad  strip  along  the  north- 
em  end  of  the  latter  Territory  was  embraced  in  the  survey  made  by  Hr. 
Claience  King,  under  the  War  Department.  It  seemed  desirable,  how- 
ever, to  extend  the  classification  of  lands  over  this  latter  region,  and 
this  duty  was  assigned  to  Mr.  G.  K.  Gilbert. 

Jlklr.  Gilbert  took  the  field  at  Salt  Lake  City  and  traversed  all  of  the 
Territory  lying  west,  north,  and  northeast  of  that  point,  a  tract  compri- 
sing so  mnch  of  the  drainage  basin  of  Great  Salt  Lake  as  lies  iu  Utah.  In 
this  area  is  included  the  moat  valuable  portion  of  the  Territory,  as  well 
as  the  most  sterile.  A  very  smalt  part  of  it  will  repay  cultivation 
without  irrigation,  but  this  is  exceptional,  and  in  general  the  possibility 
of  agriculture  depends  upon  the  possibility  of  artificial  watering.  The 
Bear  ISiver,  the  Weber,  and  the  Jordan  carry  as  much  water  as  can 
profitably  be  osed  upon  all  the  lands  to  which  it  is  practicable  to  convey 
them  by  canals,  and  those  lands  were  measured,  in  order  to  determine 
the  agricultural  capacities  of  the  river  valleys.  The  smaller  streams,  on 
the  contrary,  are  inadequate  to  serve  the  arable  lauds  through  wbicb 
theyseverallyrun,  and  theagricaltural  capacities  of  their  valleys  were a^ 
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certainedbymeasariu^'tbevolumeofeachstroau).  Eastof  Great  Salt  Lake 
are  great  monntain  ranges,  the  Wasatcb  and  the  Uinta,  and  large  streams 
flow  from  their  melting  snows  all  tbrongh  thesnmmer  season.  The  Bear, 
the  Weber,  and  the  Jordan  Sow  to  the  lake,  and  the  three  rivers  can 
he  made  to  reclaim  800,000  acres  of  land  in  their  valleys.  This  is  lUA 
per  cent,  of  the  district  that  they  drain.  West  of  the  lake  the  plains 
are  interrupted  by  monDtaiDS,  but  there  are  none  of  great  magnitude ; 
the  enoivs  of  winter  are  dissii>ated  too  early  in  the  spring  to  be  of  use 
for  irrigation,  and  much  of  the  land  is  an  absolnte  desert.  lu  a  total 
area  of  8,300,000  acres  only  21,000  acres  are  of  value  for  farming — one- 
fonrth  of  one  per  cent. 

These  estimatea  are  baaed  upon  the  experience  of  the  farmers  of  the 
Jistrict,  who  have  practiced  irrigation  for  thirty  years,  and  have  given 
it  a  greater  development  than  can  be  found  elsewhere  in  the  United 
States.  They  have  now  under  caltivation  a  third  part  of  the  irrigable 
lands  of  the  Salt  Lake  Basin,  and  are  utilizing  many  of  the  small 
streams  to  the  fnll  extent  of  their  capacities.  A  careful  study  was  made 
of  their  operations,  for  the  purpose  of  learning  the  quantity  of  water 
necessary  to  redeem  a  given  quantity  of  land  under  various  conditions 
or  soil  and  climate,  and  the  resulting  determinations  were  used  in  com- 
pnting  the  areas  susceptible  of  irrigation  by  the  streams  and  parts  of 
streams  that  are  still  unnsed.  The  greater  part  of  the  fnturc  extension  of 
the  cultivated  areas  will  be  accomplished  only  by  extensive  engineering 
Torks,  including  the  damming  of  the  principal  rivers  and  the  construc- 
tion of  long  canals.  Five  million  dollars  is  probably  a  moderate  esti- 
mate of  the  cost  of  redeeming  the  500,000  acres  that  are  susceptible  of 
reclamation, and  the  requisite  capital  will  have  to  be  concentrated  upon 
i  small  number  of  largo  canals. 

Since  the  first  settlement  of  the  Territory,  in  the  year  1817,  the  water- 
supply  has  increased.  It  ia  reported  by  the  citizens  that  each  strcatti 
is  now  capable  of  irrigating  a  greater  area  of  land  than  when  it  was 
first  used.  Creeks  that  once  scantily  watered  a  few  acres  of  ground 
now  afford  an  ample  supply  for  double,  treble,  or  even  fifty  times  the 
original  area.  This  increase  has  been  accompanied  by  a  rise  of  Great 
Salt  Lake,  which,  having  no  escape  for  its  water  except  by  evaporation, 
bas  stored  up  the  surplos  f^om  the  streams.  For  the  purpose  of  inves- 
tigating the  extent  and  the  caose  of  the  increase  of  the  streams,  Mr. 
Gilbert  made  a  study  of  the  fiuctuations  of  the  lake.  It  was  a  matter 
of  common  report  that  the  surface  of  the  water  had  been  subject  to 
considerable  changes,  and  that  on  the  whole  it  had  greatly  risen  since 
its  shores  were  first  settled,  but  previous  to  the  year  1875  no  systematic 
record  of  its  movements  had  been  kept.  In  that  year  a  series  of  obser- 
ratioDs  was  inaugurated  by  Dr.  John  E.  Park,  of  Salt  Lake  City,  at  the 
EOggestiou  and  request  of  the  Secretary  of  the  Smithsonian  Institution. 
A  small  pillar  of  granite,  graduated  to  feet  and  inches,  was  erected  at 
the  water's  edge  near  a  rocky  islet  known  as  Black  Bock. 
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Tbe  locality  -vms  then  a  popular  pleasure  resort,  and  the  record  was 
undertaken  by  Mr.  J.  T.  Mitchell.  Observations  were  made  at  freqaent 
intervals  for  more  than  a  year,  but  were  then  interrupted  by  reason  ot 
the  disuse  of  tbe  locality  as  a  place  of  resort,  and  tbey  have  not  since 
been  resumed  in  a  systematic  way.  To  obviate  a  similar  difficulty  in 
tbo  future,  Mr.  Gilbert  caused  a  new  record-post  to  be  established  neat 
the  town  of  Farmiugton,  where  the  work  of  observatio'n  has  been  un- 
dertaken by  Mr.  Jacob  ^liller,  and  it  is  anticipated  that  in  tbe  fatore 
there  will  be  no  break  in  thecontinnity  of  the  record. 

In  the  interval  from  1847  to  1875,  during  which  no  direct  observations 
were  made,  there  was  nevertheless  a  considerable  amount  of  indirect 
observation  incidental  to  the  pursuits  of  the  citizens.  Tbe  islands  of 
tbe  lake  were  used  for  pasturage,  and  the  facilities  for  tbe  trauster  of 
cattle  to  and  fro  were  greatly  affected  by  tbe  ductuations  of  the  water. 
A  large  share  of  the  commnnicatiou  was  by  boat,  and  the  frequent 
changes  of  landing-place  which  tbe  boatmen  were  compelled  to  make 
impressed  upoa  their  memories  the  character  and  order  of  tbe  principal 
oscillations.  In  pursuance  of  the  inquiries  instituted  by  the  Secretary 
of  tbe  Smithsonian  Institution,  the  testimony  of  tbe  boatmen  was  com- 
piled by  Mr.  Jacob  Miller,  and  a  history  of  the  oscillations  was  deduced. 

A  similar  and  corroborative  history  has  been  derived  by  Mr.  Gilbert 
from  an  independent  investigation.  Two  of  the  islands  used  for  pastur- 
age are  joined  to  the  main-land  by  broad,  flat  bars,  and  daring  the  lover 
stages  of  tbe  lake  these  bars,  being  either  dry  or  covered  by  a  moderate 
depth  of  water,  hare  afforded  means  of  commDuication.  It  bappeus 
that  the  Antelope  Island  bar  was  in  nse  until  1865,  when  it  became  so 
deeply  covered  that  fording  on  horseback  was  impracticable ;  aud  that 
tbe  Stansbury  Island  bar  was  first  covered  with  water  in  1866,  and  has 
been  used  as  a  ford  with  slight  exception  ever  since.  By  the  compita- 
tioD  of  the  testimony  of  those  who  have  made  use  of  these  crossiugB,  a 
continnous  record  was  derived  which  cauuot  deviate  very  widely  from 
the  truth,  and  the  work  was  checked  by  making  careful  souudings  to 
ascertain  the  present  depth  of  water  on  tbe  Antelope  Island  bar. 

From  1847  to  1850  there  was  little  change  beside  the  annual  tide — i 
variation  dependeut  upon  the  spring  floods,  and  which  makes  the  smn- 
nier  stage  in  each  year  from  one  to  two  feet  higher  than  the  winter. 
Then  tbe  water  began  to  rise,  and  so  continued  until  in  1855  and  lSi36  its 
mean  stage  was  four  feet  higher  than  in  1830.  Tbis  progressive  rise  was 
followed  by  a  progressive  fall  of  equal  amount,  aud  in  XS60  tbe  lake  had 
returned  to  its  first-observed  level.  In  1862  there  began  a  second  rise, 
which  continued  for  eight  years,  and  carried  tbe  water  ten  feet  above  tlie 
original  level.  Since  1860  tbere  has  been  no  great  cbauge,  but  tbe  meati 
height  has  fluctuated  through  a  range  of  about  two  feet. 

As  the  lake  has  risen  it  has  encroached  upon  tbe  land,  and  tbe  shores 
are  in  many  places  so  fiat  that  large  areas  have  been  submerged.  At 
one  point  the  water  edge  has  advanced  16  miles,  and  tbe  sarveysof  Capt. 
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Iloward  Stiinsbary  and  Mr.  Clarence  King  sbow  tbat  Trom  18uO  to  1869 
the  total  area  of  the  water  surface  increased  from  1,750  to  2,166  square 
mites,  or  nearly  24  per  ceDt.  By  tbis  cxpausiuD  the  surface  for  evapo- 
ration was  iacreaued,  so  that  tbe  lake  could  retmu  to  tbe  atiuospbere  the 
aarplas  thrown  into  it  by  tbe  augmouteil  strenms. 

Whatever  land  is  at  any  time  flooded  b.y  the  lake  becomes  saturated 
with  salt,  and,  if  the  water  afterward  retires,  remains  barren  of  vegeta- 
tion for  many  years.  The  highest  level  reaclieii  by  the  water  in  storms 
is  marked  by  a  line  of  driftwood  and  other  debris.  Altove  this  line  there 
is  usaaity  a  growth  of  grass  and  sage-brush,  but  below  it  nothing  grows. 
IVvions  to  the  last  great  rise  of  the  lake  the  storm-line  was  six  feet 
lower  than  at  present,  and  the  intervening  belt  of  land  still  retains  the 
BtutDpsand  roots  of  bushes  that  have  been  killed  by  the  advauciug  brine. 
The  encroaching  water  overran  the  ancient  storui-liue  in  about  the  year 
18C(J,  and  for  tlie  past  eleven  years  it  has  covered  ground  which  had 
been  exempt  from  incursions  of  brine  for  a  time  sufficieut  to  permit  the 
rains  to  cleanse  the  soil,  and  for  a  further  time  sufhcient  to  produce  a 
growth  of  sage-brush.  The  whole  period  is  as  likely  to  have  been  meas- 
ured by  eeuturies  as  by  decades. 

Thns  it  appears  that  tbe  last  twelve  years  have  witnessed  an  exten- 
sion of  the  lake  which  is  not  only  without  precedent  in  the  exi)erience 
of  the  citizens  of  Utah,  but  is  clearly  an  anomaly  in  the  history  of  tbe 
lake.  To  explain  it,  and  to  explain  at  the  same  time  the  increase  of  the 
Hlreams,  there  are  two  general  theories  worthy  of  consideration. 

The  first  is  that  there  has  been  a  change  of  climate  in  Utah  whereby 
the  atmosphere  is  moister,  so  that  the  fall  of  raiu  and  snow  has  become 
greater  and  the  rate  of  evaporation  has  become  slower.  The  second  is 
that  the  ludustries  of  tbe  white  man,  which  have  been  steadily  growing 
in  importance  for  the  last  thirty  years,  have  so  modified  the  surface  of 
the  laud  tbat  a  larger  share  of  the  snow  and  rain  finds  its  tray  iuto  the 
watercourses,  and  a  smaller  share  is  returned  to  the  air  by  evaporation 
from  the  ground.  The  latter  theory,  which  is  the  one  proposed  by 
Professor  Powell,  is  considered  by  Mr.  Gilbert  tbe  more  probable,  and 
he  finds  reason  to  believe  that  the  tax  imposed  upon  the  streams  by  the 
work  of  irrigation  is  more  than  repaid  by  the  effects  of  the  draining  of 
marshes  and  the  destruction  of  herbage  and  timber.  A  great  volume  of 
vater  is  turned  upon  the  cultivated  fields,  and  from  their  moist  surfaces 
is  absorbed  by  the  atmosphere  without  ever  reaching  tbe  lake ;  but,  on 
the  other  hand,  the  farmer  has  found  it  to  his  advantage  to  drain  the 
heaver-ponds  and  other  marshes,  and  thus  check  the  evaporation  from 
their  surfaces,  and  the  streams  which  he  thereby  rescues  fiom  dissipation 
&ie  used  in  irrigation  for  a  few  months  only,  while  for  the  remainder  of 
the  year  they  pay  their  tribute  to  the  lake.  The  destruction  of  grasses 
by  herds  of  domestic  animals  and  the  cutting  of  trees  upou  tbe  mount- 
ains expose  the  ground  to  tbe  sun  and  facilitate  the  melting  of  tbe  snow; 
tbe  removal  of  the  grass  opens  tbe  w.iy  iilso  to  a  liuei  ciiciilaiiou  of  sur- 
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face-waters,  so  tbat  the  rain  and  melting  snows  are  gathered  more 
qnickty  and  thorongbly  into  rills  and  streams ;  and  both  these  iuSaences 
increase  the  inflow  of  the  lake. 

This  discussion  has  an  important  bearing  npon  tbe  agricnltnre  of  the 
arid  region,  for  if  the  theory  t^vored  by  these  gentlemen  is  the  true  one 
the  work  of  irrigation  can  be  pasbed  forward  with  tbe  confident  assar 
ance  that  the  supply  of  water  is  more  likely  to  increase  than  diminish 
in  the  future;  and  it  may  even  be  iwssible,  when  the  subject  has  been 
fully  developed,  to  devise  measures  which  shall  directly  promote  Ibo 
increase. 

Geological  work  by  Mr,  Gilbert, — During  tbe  preceding  summer  Mr, 
Gilbert  bad  discovered  a  peculiar  series  of  phenomena  produced  by  re- 
cent orographic  displacements,  and  he  has  this  year  found  opportniiity 
to  study  them  in  numerous  new  localities.  It  appears  that  the  system 
of  faults  and  dexures,  the  system  of  upward  and  downward  movements, 
by  which  the  mountain -ranges  and  the  valleys  of  Utah  and  Kevadii 
were  produced,  have  continued  down  to  tbe  present  time.  Evidence  of 
recent  movement  has  been  discovered  on  tbe  lines  of  many  ancient 
faults.  Tbe  ancient  shoreline  of  Great  Salt  Lake,  which  is  exhibited 
so  conspicaoualy  upon  the  surrounding  mountain-slopes,  and  which  must 
originally  have  been  level,  is  no  longer  so,  but  has  been  shifted  np  and 
down  by  the  displacement  of  the  mountains.  Its  present  altitude  above 
Great  Salt  Lake  was  determined  at  four  different  points  by  spirit-level, 
and  tbe  determinations  were  found  to  range  Irom  966  feet  to  1,059 
feet.  The  measurements  by  level  were  all  made  iu  the  immediate  vicin- 
ity of  tbe  lake,  bat  tbe  barometer  indicates  that  at  points  more  remote 
the  discrepancy  is  several  times  greater. 

These  observations  are  valuable  additions  to  onr  evidence  that  mount- 
ain-making is  a  work  of  the  present  as  well  as  of  past  ages,  and  that 
the  grand  displacements  by  faults  and  folds  are  cansed  by  slow  and 
intermittent  movements. 

Mr.  Gilbert  also  traced  and  mapped  tbe  northern  i>orlion  of  tbe 
ancient  shoreline  of  the  lake  from  Salt  Lake  Gity  to  Kedding  Spring, 
following  its  sinuous  course  for  900  miles  in  Utah,  Idaho,  and  Nevada, 
and  demonstrating  that  tbe  ancient  outlet  he  bad  discovered  the  pre- 
ceding summer  at  Red  Kock  Pass  was  the  only  one  by  which  the  lake 
had  ever  discharged  its  water  to  the  Snake  Itiver. 

During  the  winter  of  lST6-'77,  Mr.  Gilbert  prepared  his  report  on  the 
geology  of  tbe  Henry  Mountains,  and  the  manuscript  was  sent  to  the 
printer.  The  Henry  Monntains  constitute  a  small  groap  in  sontheastem 
Ctah  and  stand  qaite  by  themselves.  They  are  of  a  pecniiar  character 
and  represent  a  type  of  slmctnre  that  has  never  before  been  fully  de- 
scribed. Mr.  Gilbert's  report  is  a  monograph  at  once  of  the  mountain 
groap  and  of  the  type  of  mountain  structure.  The  monntains  are  of 
igneous  origin,  but  tbe  ilsing  lavas,  instead  of  outi)oaring  at  the  surface 
of  the  earth  in  tbe  usual  way,  failed  to  penetrate  tbe  upper  portions  of 
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tbecrnscand  formed  sabterranean  litkesor  cbambcrs.  The  strata  lying 
ubove  the  lava  lakes  were  upbeDt  in  the  form  of  great  bubbles,  aud  from 
[tiese  bubbles  of  saDdstone  RDd  Bhale,  ^itb  their  cores  of  trap,  the  erosive 
agents  of  tbe  air  have  carved  the  mountains.  The  moniitain  structure 
is  thus  tiro-fold,  comprisiufc  Si's!  volcanic  upheaval,  and  second  atmos- 
pbcric  degradation.  To  aid  in  the  discussion  of  tbe  first  element  of 
structure,  Mr.  Gdbert  constructed  a  stereogram  of  tbe  district,  io 
plaster,  exhibiting  the  forma  due  to  upheaval  as  they  would  appear  if 
uDDiodided  by  degradation.  lie  prepared  also  a  topographical  moflcl, 
exhibiting  tbe  same  forms  as  actually  modified;  aud  tbe  two  models 
will  be  reprotluced  by  photography  to  illustrate  tbe  report.  Tbe  treat- 
ment of  tbo  second  element  uf  structure  is  of  a  tborougb  character  aud 
includes  a  discassion  of  the  general  principles  which  control  the  sculp- 
tore  of  the  land  surfaces  of  the  earth  by  raius  and  rivers.  The  volume 
is  ready  for  the  binder. 

Geological  work  by  Captain  Jiutton. — Captain  C.  E.  Button  resumed  his 
exploration  of  the  same  field  wbicb  be  has  been  studying  for  three  years, 
liaring  recognized  in  it  a  certain  uuity  which  renders  it  eminently 
adapted  to  an  important  monograph.  The  region  explored  by  him  is 
centrally  situated  in  the  Territory  of  Utah,  extending  from  Mount  Nebo 
in  the  Wasatch,  nearly  southward  a  distance  of  about  ISO  miles,  and  hav- 
ing a  maximnm  breadth  of  abont  CO  miles.  It  possesses  certain  features 
which  serve  to  distinguish  it  both  topographically  and  geologically, 
and  he  proposes  to  call  it  the  District  of  the  High  Plateaus  of  Utab.  It 
consists  of  a  group  of  uplifts  now  standing  at  altitudes  between  9,000 
aud  11,500  feet  above  sea- level,  while  the  general  platform  of  the  coun- 
try is  from  5,000  to  7,000  feet  high.  The  plateaus  have  been  carved 
oat  of  this  platform  by  great  faults,  aud  tbe  general  structure  corresponds 
closely  to  that  described  by  Professor  Powell  under  tbe  name  of  the 
Kaibab  BtrQCtniB)  and  illustrated  by  him  in  his  section  of  the  region 
traversed  by  tbe  Grand  CaQon  of  tbe  Colorado.  The  relations  of  this 
belt  of  high  plateaus  to  the  regions  adjoining  are  of  special  interest. 
At  the  close  of  the  cretaceous  the  country  lying  to  the  eastward  of  it 
passed  by  gradation  from  an  oceauio  to  a  lacustrine  condition,  the  inter- 
mediate stage  presenting,  doubtless,  a  strict  analogy  to  the  condition  of 
tbe  Baltic.  This  eocene  lake  area  now  constitutes  the  southern  part  of 
the  drainage-system  of  the  Colorado  Kiver.  During  cretaceous  and 
eocene  time,  the  area  now  occu|)iod  by  the  Great  Basin  was  dry  land, 
and  its  deaadation  must  have  furnished  a  large  part  of  the  sediments 
which  were  spread  over  the  bottom  of  tbe  great  lake.  The  movements 
vbich  took  place  during  the  eocene  at  last  resulted  in  the  desiccation  of 
the  lake,  and  thongb  a  strict  chronological  correlation  to  Euroiwan  and 
other  divisions  of  time  cauoot  be  made  with  certainty,  it  may  beprovis- 
iooally  inferred  that  thisdesiccation  was  completed  before  tbe  commence- 
ment of  the  miocene.  It  was  brought  about  by  the  more  rapid  uplifting 
or  tbe  lake  area  than  that  of  the  Great  Biisin,  until  at  last  the  former 
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area  became  the  loftier  of  the  two,  tbos  reversiDg  tbeir  relative  altitudes. 
The  lake  area  is  now  a  iiortiou  of  tbe  so-called  plateaa  country,  and 
siuce  the  commencemeDt  of  tbe  miocene  (para-mioceoe)  has  been  RubjecC 
to  a  great  and  continnoos  erosioo.  The  District  of  the  High  Plateaus 
occapics  a  portioD  of  a  narrow  belt  separating  tbe  platean  coantry  from 
the  basin  province,  and  therefore  stands  apoD  the  locos  of  the  ancient 
shore-line,  which,  in  the  lacastrine  stage,  bounded  tbe  two  areas.  To 
that  shore-line  they  stand  iu  an  intimate  and  remarkable  relation.  To 
its  trend  the  great  displacements  maintain,  not  merely  a  general  paral- 
lelism, bat  an  approximation  to  strict  parallelism  both  in  totality  and  in 
detail,  which  would  not  have  been  anticipated,  and  which  cannot  be 
purely  accidental,  and  seems  to  point  to  some  definite  determinative 
association  between  the  littoral  depositti  and  the  great  lines  of  displace- 
ment. Tbe  great  stractnral  features  are  these  faults  and  their  equiva- 
lent moDocliual  flexures.  Tbey  are  remarkably  persistent,  extending  in 
parallel  courses  throughout  the  entire  length  of  the  region  surveyed. 
One  of  them,  the  great  Sevier  fault,  becoming  here  and  there  a  mono- 
clinal  flexure,  has  been  traced  continuously  over  a  length  of  240  miles, 
and  others  of  nearly  equal  persistence  have  been  noted.  The  High 
Plateaus  belong  to  the  Plateau  country,  for  notwithstanding  tbe  great 
amount  of  dynamical  energy  indicated  in  tbeir  uplifting,  thry  preserve 
in  a  remarkable  manner  the  plateau  type  of  structure,  which  is  distin- 
guished sharply  from  the  arched,  flexed,  and  tilted  types  prevailing  in 
other  disturbed  localities.  There  is  an  abrupt  transition  from  this 
plateau  strnctore  to  that  found  in  tbe  adjoining  basin.  There  are  some 
localities  where  one  may  hurl  a  stone  from  one  province  to  the  other, 
and  in  general  it  may  be  said  that  tbe  dividing  line  must  pass  within  a 
single  range  or  table.  The  plateau  province  seems  to  stand  here  in 
strict  correlation  to  the  tertiary  beds;  where  the  tertiaries  end  there 
also  end  the  plateaus.  The  relation  between  the  tertiary  and  cretaceoas 
throughout  this  belt  is  one  of  general  unconformity;  in  many  places 
where  the  contacts  are  seen,  the  tertiary  is  revealed  lying  across  tbe 
upturned  and  eroded  edges  of  tbe  cretaceous,  showing  clearly  a  break 
between  those  portions  of  the  two  series  which  are  here  preserved. 

But  of  all  the  features  displayed  by  the  high  plateaus  the  most  re- 
markable are  the  manifestations  of  former  volcanic  activity.  Both  in 
Drea  and  thickness  tbe  volcanic  emanations  are  very  extensive.  They 
cover  more  than  5,000  square  miles,  and  sections  of  4,000  to  G,000  feet 
are  presented  without  revealing  the  lowest  beds.  The  greater  part  of 
the  eruptions  took  place  after  tbe  lake  basin  had  been  drained  or  had 
shrunken  to  limits  outside  of  the  district,  for  sedimentary  beds  have  not 
been  found  intercalated  between  the  various  flows,  but  always  underlie 
them.  It  is  therefore  impossible  to  fix  with  great  precision  tbe  com- 
mencement of  the  oatbreaks;  but  the  general  indications  are  that  tbey 
begau  very  soon  after  the  close  of  tbe  lacustrine  period,  and  they  may 
have  commenced  still  earlier.    Tbe  ernptive  epoch  was  nadoubtodly  a 
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long  one.  The  indiridaal  Qowa  are  very  numeroas,  and  represeut  all 
the  great  gronpB  of  eruptive  rocks.  In  many  caaes  the  quantity  of  ma- 
terial extravasated  is  so  great  that  the  eraptions  may  well  be  called 
massive;  uot,  however,  of  sneh  marvelous  extent  as  are  asserted  to 
have  been  poured  forth  from  flssores  dnriug  the  basaltic  period  iu 
Oregon  and  Northern  Califorola  ;  but  there  are  many  individual  sheets 
wbicb  surpasa  in  maguitade  any  which  ia  known  to  have  emanated 
daring  recent  or  tnoderu  times  from  any  existing  volcanic  vent  at  a 
single  eruptiou.  From  what  openings  these  masses  were  extravasated 
it  is  nsually  diGQcnlt  to  fix  with  certainty  and  precision.  So  vast  are 
the  accumulations  and  so  expansive  are  the  sheets,  and,  at  the  same 
time,  so  numerous,  that  wheresoever  they  were  emitted  the  earlier  vents 
must  have  been  baried  by  later  delnges  of  lava ;  and  even  the  more 
recent  vents,  except  in  the  case  of  the  latest  basalta,  have  been  8we|>t 
away  by  slow  erosion  in  the  long  period  which  has  elapsed  since  their 
activity  was  extinguished.  There  are,  however,  still  remaining,  distinct 
traces  of  localization  of  eruptive  activity  in  the  form  of  greater  accumu- 
lations, at  some  points  AY>m  which,  in  mcst  directions,  the  total  thick- 
ness of  the  volcanic  series  appears  to  attenoate.  Moreover,  in  those 
central  localities  of  maximum  accamnlation  there  appears  to  be  a  large 
amount  of  what  might  be  called,  in  a  certain  sense,  unconformity  of  the 
various  eruptions,  and  greater  irregularities  in  their  bedding,  as  com- 
pared with  the  more  even  layers  and  more  regular  distribntion  of  the 
Bheets  more  remote  tmm  these  centers.  This  fact  appears  to  be  of  gen- 
eral application  also  to  existing  volcanic  regions  of  great  extent.  Cap- 
tain Duttoo  has  succeeded  in  locating  at  leaat  five  areas,  from  which 
the  various  overflows  appear  to  have  emanated,  and  believes  that  further 
research  might  result  in  the  determination  of  others. 

At  the  time  these  eraptions  were  in  progress  it  ia  probable  that  the 
country  was  not  an  elevated  one  as  at  present,  though  it  may  have 
been  a  rising  area.  The  great  displacements,  consisting  of  faults 
of  extraordinary  length  and  persistency,  took  place  after  the  close  or 
(luring  the  decadence  of  the  principal  eruptions,  and  it  was  at  this  lat- 
ter epoch  that  the  greater  part  of  the  general  elevation  of  this  portion 
of  the  plateau  province  occnrred.  During  its'progress  many  eruptions 
must  have  taken  place,  and  their  later  age  is  readily  identiflable  j  but 
none  of  them  were  comparable  in  ext«nt  and  in  the  volume  of  ejected 
materials  with  older  eruptions  prior  to  the  yreat  displacements.  Al- 
thangh  it  is  ordinarily  not  difficult  to  determine  whether  a  particular 
-  event  preceded  or  followed  some  other  within  the  locality,  there  seems 
tobeno  way  of  correlating  these  different  events  strictly  with  the  epochs 
which  are  designated  by  the  sedimentary  formations  of  the  adjoining 
country,  and  it  is  therefore  impossible  to  determine  the  exact  jwriod  in 
the  chronological  scale  at  which  the  faalting  took  place,  farther  than 
the  fact  that  it  must  have  occnrred  long  enough  aft^r  the  close  of  the 
eocene  to  allow  for  the  accamalation  of  these  vast  bodies  of  volcaoie 
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beds.  TbiB  may  carry  tUe  period  of  faulting  far  into  the  niiocene  period, 
or  possibly  as  far  as  the  commeDcemeiit  of  the  pliocene.  Bat  wliilu  tbe 
first  stage  iu  the  activity  of  these  aDcient  volcanoes  was  nndoabtedly 
tbu  greatest,  and  accompanied  by  an  incomparably  greater  amouut  of 
extravasation,  it  by  no  means  constitutes  tUe  wbolo  of  it.  Even  after 
the  great  displacements,  and  after  tbe  principal  topographic  features  of 
the  country,  depending  upon  structure  as  they  now  exist,  had  received 
their  shape,  minor  eruptions  continued  ;  they  present,  however,  a  some- 
what remarkable  fact.  The  latar  eruptions  did  not  take  place  from  the 
same  centers  as  the  earlier  ones,  but  show  a  tendencj'  to  recede  from 
them  and  to  occur  aroand  the  borders  of  the  older  volcanic  district 
The  central  portions  of  the  volcanic  area  are  unquestionably  the  oldest, 
while  the  younger  ones  are  found  around  their  borders,  and  sometimes 
at  considerable  distances. 

One  point  which  during  the  Study  of  this  region  has  engaged  the  care- 
ful attention  of  Captain  Duttou  has  been  to  ascertain  whether  it  presents 
any  such  sequence  in  the  litbological  character  of  the  eruptions  as  is 
asserted  by  Baron  Bicbthofen  to  prevail  in  the  volcanic  districts  of 
Europe,  South  America,  Asia  Minor,  and  the  Sierra  Xevada.  This  as- 
serted sequence  has  engaged  the  profound  attention  of  moat  vulcanolo- 
gists  and  is  of  great  importance  in  relation  to  all  questions  bearing  upon 
the  origin  and  causes  of  volcanic  action.  Although  at  first  disposed  to 
doubt  the  prevalence  of  this  sequence,  and  not  favorably  impressed  with 
tbe  speculations  and  theoretical  views  of  Baron  Bicbthofen,  Captain 
Sutton  has  reached  the  conclusion  that  the  high  plateaus  of  Utah  ex- 
hibit in  a  decided  manner  esseatially  the  same  sequence  which  Bicbt- 
hofen claims  for  other  volcanic  regions.  The  earliest  eruptions  consist 
of  rocks  iigreeing  well  in  litbological  characteristics  with  those  described 
by  Eichtbofen  under  the  name  of  propylite.  This  rock  is  usually  con- 
cealed if  it  exists  in  any  great  quantities  by  tbe  later  fiows,  but  is  in 
several  places  brought  to  light  partly  by  the  great  displacements,  and 
partly  through  the  agency  of  erosion,  and  wherever  found  it  is  seen  to 
occupy  the  lowest  position  of  all.  It  is  also  worthy  of  note  that  this 
rock  is  found  at  those  points  which  constitate  the  centers  of  eruption 
before  referred  to,  showing  that  the  activity  which  it  ushered  in  con- 
tinued to  have  its  scat  through  a  long  cycle  in  and  about  the  same  lo- 
cality. Tbe  propylite  is  succeeded  by  a  rock  answering  to  Biohthofen's 
description  of  hornblende  antlesite,  which  is  usually  overlaid  by  a  rock 
rich  in  augite  with  triclinic  feldspar  which  may  be  termed  augitic  ande- 
site.  Still  higher  in  the  series  are  found  immense  masses  of  trachyte  ' 
which,  however,  is  frequently  intercalated  with  dolerite.  The  variety  of 
the  trachytes  is  very  great ;  so  great,  indeed,  that  were  it  not  for  the  per- 
sisteuce  of  certain  mineralogical  as  well  as  textural  characteristics  which 
are  universally  accepted  as  being  distinctive  of  that  group  of  rocks,  one 
might  feel  strongly  tempted  to  make  numerous  subdivisions  of  them  into 
a  series  of  groups.     The  extremes  of  the  varieties  of  the  trachytes 
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might  be  represented  at  one  eud  by  a  coarsely  gniaular  micaceous  rock 
comiKued  cbiefiy  of  ortboclase,  aud  is  sometimes  bornbleudic  and  some- 
times aagitiu,  at  tbe  other  eod  o.  highly  porphyritic  trachyte  cousiating 
of  well-developed  orthoclase  feldspar  imbedded  in  a  fine  paste  highly 
charged  with  peroxide  of  iron.  BetweeD  these  masses  of  trachyte  are 
intercalated,  though  iu  subordinate  qnantittes,  beds  of  dolerite  showing 
distinct  crystals  of  striated  feldspar  with  great  abandaoce  of  angite  aDd 
magnetite.  In  the  earlier  aud  grander  periods  of  the  eruptions  tbe  fol- 
lowing sequences  may  therefore  be  recognized :  first,  propylite ;  second, 
andesite;  and,  tbird,iDterblendedtrachyteanddolerite.  Still lat«r  than 
these,  and  occurring  at  new  centers  of  eruption,  were  outpours  of  rhyo- 
lite,  while  last  of  all  were  erupted  around  tbe  outskirts  of  tbe  district 
great  quantities  of  true  basalt.  There  does  not  appear  to  be  any  single 
locality  where  all  the  groups  of  rocks  are  found  superposed ;  neTerthe- 
less  the  relative  ages  do  not  admit  of  any  doubt,  whether  tbe  various 
beds  are  superposed  or  not;  but  while  fumishiug  a  general  veriflcatioo 
of  tbe  sequence,  tbe  district  of  the  High  Flateans  preseuts  the  fact  with 
certain  modifications  which  may  be  set  forth  Id  the  following  manner : 
In  the  lithological  scale  propylite  and  hornblendio  andesito  are  very 
nearly  Intermediate  between  tbe  extremes  of  acid  rocks  represented  by 
rbyolite,  aud  basic  rocks  represented  by  basalt.  Taking  propylite  as  a 
starting-point  in  tbe  scale  of  classification,  we  find  two  divergent  series 
proceeding  on  the  one  hand  toward  the  acid  end  of  the  scale,  and  oq  the 
oUier  toward  tbe  basic  end.  As  we  follow  the  eruptions  down  into  the 
laterepocbs,  we  find  that  both  series  are  represented  in  a  certain  sense  iu- 
ilependeutlyofeacbotbersothattbeyintercalate;  the  acid  becomingat 
OQe  end  more  acid  with  tbe  progress  of  the  volcanic  cycle,  aud  tbe  basic 
rocks  becoming  more  basic.  Each  series  seems  to  pursue  its  o«u  order 
and  to  be  subject  to  its  owulaw,  so  that,  being  origiually  divergent,  tliey 
become  more  and  more  widely  separated  iu  their  lithological  characters 
aetbe  cycle  proceeds.  Thus  at  the  commencement  of  the  activity  we 
liave  propylite  aud  horublcndic  andesite,  which  are  closely  assimilated 
to  each  other  iu  tbeir  physical  characteristics;  at  the  middle  stage  we 
liave  tmchytea  aud  moderately  basic  dolerites,  which  are  moderately 
separated,  aud  at  the  close  we  bare  rhyolites  and  basalts,  which  stand 
at  the  opposite  ends  of  tbe  scale. 

Plan  o/pvblication. — In  the  geological  branch  of  the  work  tbe  plan  has 
been  adopted  as  far  as  possible  of  pnblishiog  monographs,  each  enibrac- 
iog  all  the  studies  made  by  the  corps  of  any  particular  region  to  which 
it  relates,  preferring  this  to  a  system  of  annual  reports  consisting  of 
renting  of  the  field-notes  of  each  season.  In  the  preparation  of  these 
monograpbs,  relief  maps  or  plates  are  constructed  on  a  scale  of  two  miles 
to  the  inch  or  larger,  vertical  and  horizontal  scales  being  equal ;  and  to 
correspond  with  each  relief  map  a  stereogram  in  plaster  is  ooustructed 
on  the  same  scale,  designed  to  exhibit  such  a  surface  as  would  appear 
had  there  been  no  degradation  by  atmospheric  agencies,  but  displace- 
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meut  only.  By  this  meaas  tbe  characteristics  of  displacement  caa  be 
studied  iudependent  of  tbe  pbenomeDa  of  degradation,  with  nhicb, 
iu  uatare,  tbey  are  always  associated,  and  by  which  they  are  more 
or  less  obscared ;  and  a  compariaoa  of  tbe  atereogram  with  the  relief 
map  gives  approximate  quantitative  resalta  of  degradation ;  that  is,  tbe 
two  factors  of  mountaiu  stractore,  elevation  by  displacement  and  degra- 
dation by  rains  and  rivers,  are  separated,  that  each  may  be  considered 
independent  of  tbe  complicating  conditions  of  tbe  otber. 

Oeologiaal  iUuttratioa. — Much  attention  has  been  paid  to  tbe  graphic 
representation  of  tbe  important  featares  of  geological  struotare.  The 
Bocky  Monntaia  Begion  has  proved  to  be  one  of  great  interest  in  this 
branch  of  iuvestigatioo,  beoanse  of  the  pecnliar  featares  of  itB  physical 
geography.  Long  and  towering  escarpments  are  found,  deep  cauoos 
with  precipitona  walls  are  nnmerons,  its  hills  and  mountains  are  often 
witboot  soil  and  vegetation,  accnmalations  of  subaerial  or  glacial  drift 
are  infrequent,  and  thos  tbe  general  rock-Btrooture  is  well  revealed. 
Several  new  methods  of  illustration  have  been  devised,  some  of  which 
have  already  appeared  in  the  publications  of  tbe  survey. 

ethnographic  work. — During  the  season  the  ethaograpbic  work  w&s 
more  thoroughly  organized,  and  the  aid  of  a  lai^e  nnmber  of  volunteer 
assistants  living  tbrougbout  the  country  was  secured. 

Mr.  W.  H.  Dall,  ofthe  United  States  Coast  Survey,  prepared  a  paper 
on  the  tribes  of  Alaska,  and  edited  other  papers  on  certain  tribes  of  Oie- 
gon  and  Washington  Territory.  He  also  superintended  the  construction 
of  an  ethnographic  map  to  accompany  his  paper,  including  on  it  the 
latest  geographic  determinations  from  all  available  sources.  His  long 
residence  and  extended  scientific  labors  in  that  region  peculiarly  fitted 
him  for  tbe  task,  and  he  has  made  a  valuable  contribution,  both  to  eth- 
nology and  geography.  With  the  same  volume  was  published  a  paper 
on  tbe  habits  and  customs  of  certain  tribes  of  the  State  of  Oregon  and 
Washington  Territory,  prepared  by  the  late  Mr.  Ueorge  Oibbs,  whilehe 
was  engaged  in  scientific  work  in  that  region  for  tbe  government.  The 
volume  also  contains  a  Niskwalli  vocabulary,  with  extended  grammatic 
notes,  the  bist  great  work  of  tbe  lamented  author.  In  addition  to  the 
map  above  mentioned  and  prepared  by  Mr.  Dall,  a  second  was  made, 
embracing  tbe  western  portion  of  Washington  Territory  aud  tbe  uorlberD 
pa  t  of  Oregon.  The  map  includes  the  latest  geographic  information, 
and  is  colored  to  show  the  distribution  of  Indiau  tribes,  chiefly  from 
notes  and  maps  left  by  Mr.  Gibbs.  Much  of  tbe  linguistic  material  of 
this  volume  was  collected  by  correspondents  of  the  Smithsonian  In- 
stitution, and  turned  over  to  Professor  Powell  to  be  consolidated  vitb 
materials  collected  by  members  of  bis  corps. 

These  papers  form  a  quarto  volume  of  361  pages,  entitled  GontribntioDB 
to  yorth  American  Ethnology,  Volume  I,  tbe  first  of  a  series  to  be  pub- 
lished on  this  subject. 

Volume  If,  relating  to  tbe  tribes  of  tbe  eastern  portion  of  WashiDgton 
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Territory  and  the  State  of  Oregon,  was  partially  prepared  for  tlie  printer, 
but  it  was  thought  best  to  withhold  its  pablicatioa  until  further  mate> 
rials  were  collected  from  that  regioQ. 

The  third  volume  of  the  series  has  been  published.  This  relates 
to  the  Indians  of  California.  Mr.  Stephen  Powers,  of  Ohio,  has  been 
engaged  for  several  years  io  the  preparatioo  of  this  volume.  The  first 
part  contains  an  account  of  the  habits,  customs,  mythology,  &c,  of  the 
several  tribea.  At  our  earliest  knowledge  of  the  Indians  of  California 
they  were  divided  into  ainall  ohieltaincies  speaking  diverse  languages 
and  beloDgiog  to  radically  different  stocks,  and  the  whole  subject  was 
one  of  great  complexity  and  interest.  The  materials  collected  by  Mr. 
Powers  were  sufficient  to  anocesafnlly  unravel  the  difflcnit  problem  re1a> 
ting  to  the  classifioation  and  afBuities  of  a  very  large  number  of  tribes, 
and  his  aocoant  of  their  habita  and  customs  is  of  much  interest.  A 
Domber  of  vocabularies  of  the  Smithsonian  collection  are  published  with 
those  of  Mr.  Powers.  The  linguistic  portion  of  the  volume  was  edited 
by  Professor  Powell. 

The  volume  is  accompanied  by  a  map  of  the  State  of  California,  com- 
piled from  the  latest  official  sources  and  colored  to  show  the  distribn- 
tion  of  lingnistio  stocks. 

The  Bev,  J.  Owen  Dorsey,  of  Maryland,  has  been  engaged  for  more 
than  a  year  in  the  preparation  of  a  grammar  and  dictionary  of  the 
FoQka  language.  His  residence  among  these  Indians  as  a  missionary 
has  furnished  him  favorable  opportunity  for  the  necessary  studies,  and 
be  has  pushed  forward  the  work  with  zeal  and  ability. 

Prof.  Otis  T.  Mason,  of  Columbian  College,  han  for  the  past  year 
rendered  the  office  much  assistance  in  the  study  of  the  history  and  sta- 
tistics of  Indian  tribes. 

Brevet  Lieut.  Co).  Garrick  Mallery,  TJ.  S.  A.,  bos  during  the  year 
been  eagaged  in  the  study  of  the  history  and  statistics  of  the  Indians 
of  the  United  States.  His  researches  lead  him  to  the  conclusion  that 
the  generally  received  opinion  that  a  very  large  Indian  population  oc- 
cupied this  country  at  the  time  of  its  discovery  is  erroneous ;  that  the 
Bopposed  rapid  and  general  decadence  of  the  Indians  arising  from  con- 
tact with  civilization  is  not  sustoiued,  and  that,  when  circumstances 
have  not  rendered  it  impossible,  they  are  making  reasonable  progress 
toirard  civilization,  together  with  which  iu  many  instances  their  num- 
bers have  increased.  No  final  publication  on  Ihe  subject  has  yet  been 
naed,  but  he  has  read  papers  before  the  Philosophical  Society  of 
Washington,  and  other  scientific  bodies,  to  invite  the  attention  of 
ethnologists  to  the  subject.  He  has  also  been  engaged  in  preparing  Uie 
history  and  bibliography  of  the  Klamath,  T'sinuk,  WaylEletpu,  Sahap- 
tin,  and  other  families  of  Oregon,  and  his  papers  on  this  subject  will 
appear  in  the  second  volume  of  Contributions  to  itTortb  American  Eth 
DOli^y. 

In  March  last  Mr.  Albert  S.  Gatschet  was  employed  to  assist  in  the 
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study  of  ludiaD  laaguages,  aod  during  the  spriug  moDtbs  bU  timu  was 
occupied  as  an  assistant  iu  compiling  tbe  bibliography  of  the  Korth 
American  liinguages.  During  tbe  summer  and  antamn  mouths  be  vis- 
ited a  number  of  tribes  in  Oregon  for  the  purpose  of  collecting  vocabo- 
laries  aud  grammatio  notes.  On  his  way  to  the  field  ho  stopped  at 
Ogdeu,  where  he  found  a  tribe  of  Sbosboni  Indiana  from  whom  he 
procured  a  vocabulary  of  about  five  hundred  words. 

In  Obico,  ButtA  County,  California,  bo  stopped  oue  week  to  visit  the 
Micbtipdo  Indians,  a  branch  of  tbe  Maida  stock,  where  be  collected  lin- 
guistic material  of  value.  From  Cbico  he  proceeded  directly  to  tbe 
Klamath  agency,  in  Southern  Oregon,  where  eight  weeks  were  devoted 
to  tbe  study  of  tbe  langaage  of  tbe  Klamatb  Indians,  a  branch  of  the 
Modok  family.  Mr.  Gatschet  bad  prerioasly  stndied  this  language  by 
obtaining  words  from  Modok  Indians  visiting  Wasbiogtoa  and  Nen* 
York,  and  bis  work  at  the  Klamath  agency  was  a  continuation  of  such 
study.  Altogether  be  has  collected  a  vocabulary  of  about  five  thou- 
sand words,  also  many  sentences  and  texts,  on  historic  and  mytbologic 
subjects,  arranged  with  interlluear  translations. 

The  numerical  system  of  this  language  is  gninary,  and  the  numerals 
above  eleven  bavo  incorporated  particles  giving  them  a  gender  or  classi- 
fying signifioance,  apparently  based  upon  form.  The  subject  and  ob- 
ject pronouns  are  not  incorporated  in  tbe  verb;  the  personal  prononns 
differ  from  tbe  possessive ;  end  a  true  relative  pronoun  exists.  An  im- 
portant characteristic  of  the  language  is  tbe  use  of  prefix  particles  in 
nouns  and  verbs  indicating  form,  and  tbe  reduplication  of  the  first  syl- 
lable, which  is  usually  the  radical  syllable,  for  tbe  purpose  of  showing 
distribution.  It  Is  often  equivalent  to  our  plural.  It  occurs  in  tJie 
singular  of  adjectives  indicating  shape  and  color;  iu  augmentative  and 
diminutive  noans  and  verbs ;  in  iterative  and  frequentative  verbs ;  and 
forms  the  distributive  plural  of  many  substantives,  adjectives,  numerals, 
verbs,  and  adverbs, 

From  tbe  Klamath  agency  Mr.  Gatscbet  proceeded  to  the  Grande 
Bonde  agency  in  the  northwestern  part  of  Oregon.  On  his  way  be 
stopped  at  Dayton  and  made  collections  of  Shasta  and  Umpqua  words 
from  reliable  Indians.  On  the  Grande  Konde  agency  are  found  a  large 
numberof  tribes  and  remnants  of  tribes,  which  wore  collected  thereafter 
the  Oregon  war  of  lS55-'56;  and  with  the  exceptions  of  tbe  Klikatats 
they  are  all  from  Western  Oregon.  The  following  is  a  classification  of  tbe 
linguistic  stocks  now  on  this  reservation :  Tioneb,  Siletz,  Wayiletpa. 
Shasta,  Tsinuk,  Sahaptin,  Selish,  Modok,  and  Kalapuya.  Tbe Knlapnya 
once  occupied  almost  the  whole  extent  of  tbe  beatiful  and  fertile  Willa- 
mette Valley,  and  one  branch  of  this  stock,  tbe  Yonkdlla,  even  extended 
into  the  Umpqua  Valley. 

The  Tu6lati  language,  a  dialect  of  the  Kalapuya  stock,  was  tbe  ona 
stndied  by  Mr.  Gatschet,  and  from  his  notes  the  following  characteris- 
tics appear:    The  phonetics  are  strikingly  soft  and  harmonioos,  and 
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thoQgh  coDSODADts  urc  often  assembled  in  large  dasters  tfaey  nercr  of- 
fend tbe  ear,  nor  do  tbey  seem  uoprooouuceable  to  Americans.  A  largo 
DQiuber  of  words  begin  with  Towele,  especially  with  a,  t,  and  u.  Tbo 
HabBtantive,  adjective,  and  numerals  aro  not  inflected  for  case,  as  in  the 
Modok.  A^ectives  and  namerals  and  somo  sabstantives  are  varied  to 
iDdicate  tbe  plaral  number.  Tbe  parts  of  speech  are  very  imperfectly 
differentiated.  The  personal  and  possessive  pronouns  have  tbe  same 
form.  Oonder  as  a  diBtinctiOD  of  sex  la  indicated  in  the  siogalar  of  sub* 
ject  prououDs,  but  not  in  the  plural.  Prefix  particles  are  extensively 
used  to  express  tbe  mood,  voice,  and  tense  of  the  verb,  and  the  same 
particles  fulfill  this  function  in  the  noun.  The  persoual  pronouns  of  the 
direct  object  differ  greatly  from  tbe  pronouns  of  tbe  indirect  object ;  and 
every  one  of  tbe  three  persons,  in  the  singular  and  plural,  possesses  a 
different  series  of  direct  and  indirect  objeotive  prononue.  Tho  conjuga- 
tion of  the  transitive  verb  differs  in  many  particulars  from  that  of  the 
iutransitive.  There  appears  to  be  structural  affinities  between  tbe  Kala- 
puyaand  Selisb  stocks.  Over  three  thousand  words,  many  hundred  sen- 
tences, and  valuable  ethnologic  texts  were  collected. 

Besides  the  Michtjpdo,  Modok,  and  Tu&lati,  before  mentioned,  Mr. 
Gatscbet  also  collected  vocabularies  and  sentences  of  tbe  following 
languages:  Sbo8honi,Achom&wi, Shasta,  WintuD,Wacean€88i8i,Wa8ko, 
Kl&kamas,  M61ele,  Kestucca,  Yamhill,  Lukam&yuk,  and  Akantcbuyuk. 
Id  tbe  collection  of  all  these  vocabularies  tbe  "  Introduction  to  the  Study 
of  Indian  Languages,''  prepared  for  the  Smithsonian  Institution  by  Prof. 
J.  W,  Powell,  was  used. 

Dr.  H.  O.  Tarrow,  U.  S.  A.,  now  on  duty  at  the  Army  Medical  Hn- 
seam,  in  Washington,  has  been  engaged  during  the  post  year  in  the  col- 
lection of  material  for  a  monograph  on  the  customs  and  rites  practiced 
in  the  disposal  of  the  dead  among  the  North  American  Indians.  To  aid 
Mm  in  this  work  circulars  of  inquiry  have  been  widely  circulated  among 
ethnologists  and  other  scholars  throughout  Korth  America,  and  much 
material  has  been  obtained  which  will  greatly  supplement  his  own  ex* 
tended  observations  and  researches. 

Daring  the  sammer  some  interesting  work  was  done  in  tbe  exami- 
nation of  the  stone  graves  of  Tennessee,  and  valuable  collections  were 
made.  Professor  Powell  basco-operated  with  tbe  Institution  in  providing 
lor  a  more  thorough  examination  of  tbe  arcbieology  of  the  islands  off  tbe 
shore  of  Southern  California.  This  exploration  was  mode  by  Rev. 
Stephen  Bowers, of  Indianapolis,  Ind.,  and  his  report  will  be  published 
with  tbe  papers  of  the  Survey. 

A  small  volume,  entitled  "  lotroduction  to  tbe  Study  of  Indian  Lan- 
guages," has  been  prepared.  This  book  is  iuteoded  for  distribution 
amoug  collectors.  In  its  preparation  Professor  Powell  was  assisted  by 
Prof.  W.  D.  Whitney,  the  distinguished  philologist  of  Ynle  College,  in 
that  part  relating  to  tbe  representation  of  the  sounds  of  Indian  Ian- 
gaages.    A  few  preliminary  copies  have  k>een  printed  and  distributed 
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among  gentlemea  interested  ia  the  Btady  of  lodiaa  laogaages,  for  such 
additioiis  and  emendatioos  as  may  be  snggested  preparatory  to  fiDal 
pabltcation.  A  tentative  classificatioo  of  tbe  lingaistic  families  of  the 
Indlauaof  the  United  States  has  been  prepared.  This  will  bepablisbed 
as  soon  as  the  bibliography  is  ready. 

Id  pursning  these  othDographic  investigations  it  has  been  tbeendeavor, 
as  far  as  possible,  to  produce  results  that  wonid  be  of  practical  valapi 
in  the  administration  of  Indian  atEairs ;  and,  for  this  purpose,  especial 
attention  has  been  paid  to  statistics,  tbe  progress  made  by' the  Indians 
toward  civilization,  and  tbe  caases  and  remedies  for  the  ineTitafale  con- 
flict that  arises  from  the  spread  of  civilization  over  a  region  inhabited 
by  savages.  It  is  believed  that  tbe  labors  in  this  direction  will  not  be 
void  of  useful  results. 

Survey  of  tke  Black  Hilla. — In  1875  a  recounnissance  survey  was  made 
of  the  Blacli  Hills  of  Dakota,  by  Mr,  Walter  P.  Jenny,  with  a  corps  of 
assistants,  under  the  direction  of  tbe  honorable  Secretary  of  the  Interior. 
On  the  return  of  the  party  from  the  field,  Mr.  Jenny's  report,  relating 
to  the  mineral  resources  of  tbe  country,  was  immediately  published ;  but 
tbe  geographical  and  geological  report  was  unfinished  at  that  time. 
This  latter  work  was  left  in  the  hands  of  Mr.  Henry  A.  Newton,  his 
geological  assistant,  to  be  completed.  On  May  28, 1877,  at  the  request 
of  Mr.  Newton,  the  completion  of  the  work  was  placed  under  tbe  direc- 
tioQ  of  this  survey,  by  order  of  the  Secretary  of  the  Interior. 

On  cooBuitation  with  Mr.  Newton  it  appeared  wise  that  he  should 
visit  the  field  again,  for  tbe  purpose  of  determining  certain  doabcfnl 
jwints  in  the  geological  structure,  and  to  insert  on  the  maps  tbe  position 
of  the  several  towns  and  roads  established  in  that  region  since  the  dis- 
covery of  gold ;  and  Mr.  Newton  was  employed  for  this  purpose.  He 
had  been  in  the  field  but  a  short  time  when  he  was  prostrated  by  the 
sickness  which  resulted  in  his  death.  Previous  to  his  departure  he 
completed  his  report  on  tbe  geology  of  that  country,  and  the  map  had 
been  placed  in  the  bands  of  an  engraver ;  the  whole  embodying  all  the 
facts  discovered  up  to  that  time.  Thus,  happily,  his  work  will  not  be 
lost.  It  is  expected  that  his  report  will  be  published,  during  tbe  present 
winter,  in  the  shape  in  which  it  was  left  by  him. 

The  death  of  Mr.  Newton  makes  a  serious  break  in  tbe  ranks  of  the 
younger  and  more  active  geologists  of  America.  He  possessed  rare 
abilities,  bad  much  esperiencc  in  field  operations,  and  had  received 
thorough  and  wise  trainiug ;  and  bis  work  in  other  fields  had  exhibited 
his  ability.  But  tbe  great  work  of  his  short  life  will  doubtless  be  his 
report  on  tbe  geology  of  tbe  Black  Hills  of  Dakota. 

During  the  past  six  years  one  branch  of  the  work  of  the  Survey  has 
been  considered  of  paramount  importance,  namely,  the  classification  of 
lands  and  the  subjects  connected  therewith.  The  object  has  been  to  de- 
termine the  extent  of  irrigable  lands,  timber  lands,  pastnrage  lauds, 
coal  lands,  and  mineral  lauds.    In  general  the  lands  that  are  cultivable 
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ODlf  tbroagh  irrigation  are  limited  by  tbe  supply  of  water.  Tbere  are 
some  exceptions  to  tbifl.  Where  streams  are  foand  in  narrow  valleys 
or  ran  in  deep  caQoDS,  the  limit  of  agriooltaral  land  is  determined  by 
tbe  extent  of  the  areas  to  which  the  water  can  be  condncted  with 
proper  engtuewing  skill.  In  the  stndy  of  this  subject  mauy  iuterestin^; 
and  importaot  problems  have  arisen,  nod  many  valuable  facts  have 
been  collected. 

From  the  sarrey  of  the  timber  lands  one  very  important  fact  appears, 
that  the  area  where  standiug  timber  is  actually  foand  is  very  maoh 
smaller  than  tbe  areas  where  the  conditions  of  physical  geography  are 
snob  that  timber  shoold  be  foand  as  a  spontancoos  growth ;  that  is,  the 
arm  of  timber  is  hot  a  small  fraction  of  the  timber  region.  The  destrac- 
tion  of  tbe  timt>er  in  such  regions  now  found  naked  is  dae  to  tiio  great 
fires  that  so  ftvquently  devastate  these  lands ;  and  the  amonnt  of  tim- 
ber taken  for  ecooomio  purposes  bears  bot  an  exceedingly  small  ratio 
to  tbe  amonnt  so  destroyed.  Hence  tbe  importaot  problem  to  be  solved 
la  the  best  method  by  which  these  flres'can  be  prevented. 

&.QOther  subject  which  has  received  much  attention  is  tbe  utilization 
of  tbe  pastarago  lands;  and  still  another,  the  beat  methods  of  sarvey* 
ing  tbe  mineral  lands  for  tbe  pnrpose  of  desoription  and  identification, 
Uiat  the  owners  of  mines  may  be  relieved  of  the  great  burden  of  litiga- 
tion to  which  they  are  subjected  by  reason  of  tbe  inaccnrate  and  ex- 
pensive methods  now  iu  vogae. 

UMITED  STATES  GEOGBAPniCAL  SDBVEYS  WEST  OF  THE  ONE-HUN- 
SREDTD  MEEIDIAN,  IN  CnABGE  OF  FIBSI-LIEUT.  GSOBOE  U. 
WHEELER,  COBFS   OF  ENCINEBBS,  IJ.  S.  ARMY,  IN  1877. 

The  geographical  snrveys  west  of  the  one  hnndredth  meridian, 
ander  First- Lieut.  George  M.  Wheeler,  Corps  of  Engineers,  United  States 
Army,  for  the  field  season  of  1S77,  were  condncted  in  three  sections, 
named  the  Colorado,  Utah,  and  California  sections,  respectively.  In 
each  section  were  two  main  parties,  besides  special  parties  in  the  Utah 
and  California  sections,  making  ten  in  nil.  One  of  the  special  parties  in 
Utah,  being  under  the  immediate  command  of  Lientenant  Wheeler,  oper- 
ated in  the  northern  part  of  that  territory  and  soatbern  part  of  Idaho; 
others  nnder  his  immediate  direction  were  engaged  in  Utab,  Idaho,  and 
Nevada. 

(L)  The  parties  of  the  Colorado  section,  under  Lieutenants  Bergland 
and  Morrison,  operated  from  Fort  Lyon,  Colo.,  the  former  wholly  in 
Colorado,  and  the  latter  mostly  in  New  Mexico,  and  to  some  extent  in 
Colorado  and  Texas.  The  special  field  of  tbe  former  was  in  tbe  Un- 
compabgre  region,  the  topogrnphy  and  draiunge  of  which  were  deter- 
mined, and  the  Gnnnison  and  Tumichi  rivers  gnuged,  and  mines  of  the 
locality  examiued.  Tbe  country  examined  is  well  watered,  with  plenty 
of  fiab  and  game,  rich  minerals  in  the  monutains,  and  portions  of  tbe 
valley  of  tbe  TJncompabgre  good  for  agricultural  purposes.  For  tbe 
greater  part  of  the  season  the  party  under  Lieutenant  Morrison  was 
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eogaged  in  Ceutral  Sow  Mexico,  soutli  and  soutlieast  of  Santa  l''iS,in 
the  nrea  of  atlas-sheets  77  D  aail  81  A  and  84  B.  TliroDgbout  tbeBto 
Qrande  and  Fort  Slanton  sections,  good  agricultural  lands  were  foand, 
and  copi>er,  silver,  atid  gold  deposits  in  the  mountains.  Ancient  pae- 
blos,  among  tbem  the  "Gran  Quivira,"  were  visited,  and  a  cave,  in  tbe 
limestone  near  Fort  Stnuton,  was  explored  for  the  distance  approii- 
inately  of  one  mile. 

The  various  parties  in  the  Utah  section  took  the  field  from  Ugden, 
that  one  nnder  Lieutenant  Tillman  operating  in  the  area  between  the 
meridiansof  111<>  and  112°  Siy  west  Ion gitudt>,  and  the  parallels  of  43°  liy 
and  41°  iiy.  The  work  was  connected  with  a  base  measured  at  Ogden. 
The  whole  area  w»s  triangulated  and  Dumerons  secondary  points  located. 
About  8,000  square  miles  were  surveyed,  and  the  data  collected  to  com- 
plete atlas-sheets  32  D  and  41  B.  In  September,  Lieatenaat  Tonog, 
Corps  of  Engineers,  took  charge  of  this  party,  and  Lienteoaut  Tillman 
proceeded  to  Fort  Ellis,  Montana,  where  he  measured  a  base-line  in  the 
vicinity  of  the  main  astronomical  station  at  fiozeman,  for  future  use. 
Lieutenant  Biruie,  in  charge  of  Utah  party  "So.  2,  operated  in  an  area 
connecting  with  the  geological  exploration  of  the  fortieth  parallel  under 
Clarence  King,  with  a  view  to  finishing  the  work  on  atlas-sheets  41 A 
and  32  C,  oootaiulng  approximately  6,800  square  miles.  This  area  in- 
cludes the  great  basin  north  of  Great  Salt  Lake;  the  drainage  ba«in  of 
Snake  Biver;  several  detached  mountain  groups,  which  were  examined 
for  low  passes,  these  passes  being  also  examined  as  to  their  altitade 
compared  with  the  highest  beach-marks  of  the  aucient  Lake  Bonne- 
ville;  and  north  of  Snake  Biver  an  anbroken  lava  desert,  remarkable 
for  its  rock  sarface,  almost  entire  absence  of  water,  and  fine  grazing 
near  the  few  water-courses.  lu  the  mountains  some  timber  was  found, 
and  they  have  beeu  prospected  for  silver  in  the  Clear  Creek  and  Black 
Pine  regions,  from  which  a  few  streams  run  toward  Great  Salt  Lake,  to 
be  lost,  however,  in  the  neighboring  valleys.  Cattle-raising  is  exten- 
sively carried  on  upon  the  grazing-fields  in  the  vicinity  of  the  numerous 
tributaries  of  Snake  Biver,  running  south  from  the  mountains.  Snake 
Eirer  was  gauged  and  examined  for  fords,  and  the  party  made  several 
trips  outside  the  area  particularly  alluded  to,  one  being  for  the  purpose 
of  determining  the  course  of  Wood  Biver,  and  to  examine  and  locate 
the  Great  Shoshone  Falls. 

The  parties  of  the  Califoruia  sections  took  the  field  from  Carson, 
N&v,,  in  June.  One  under  Lieutenant  Symons,  Corps  of  Engineers, 
occupied  the  area  of  atlas-sbeets  33  B,  33  D,  and  47  B,  for  tbe  prosecu- 
tion to  completion  of  the  work  therein.  A  side  party  made  the  detonr 
of  Pyramid  Lake  for  the  purpose  of  occupying  outlying  triangulatioQ 
stations,  the  main  triangulation  being  extended  over  the  whole  area  10 
bo  surveyed.  The  main  party  worked  from  Honey  Lake  Valley  north 
to  Eugle  Lake,  Horse  Lake,  Smoke  Creek,  the  Madelin  Plains,  and  by 
the  Warner  Bange  to  the  weat  of  Goose  Lake  to  Drew's  Valley,  in  Ore- 
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gon,  all  of  nhicb  area  waa  occupied  nith  a  view  to  correct  topographical 
data,  and  the  triaagulation  carried  as  f»r  aorth  as  Beatty'a  Batte. 

BetumiDg  by  the  east  shore  of  Goose  Lake,  Granite  Mountaio,  and 
Honey  Lake,  to  Verdi,  Nov.,  a  base  line  tras  meaeared  and  tbe  triaugu- 
lation  of  1876  and  1877  connected.  The  country  enrveyed  by  this  party 
embraced  parts  of  California,  Oregon,  and  Nevada,  and  is  of  volcanic 
origio.  Water  is  scarce,  and  except  in  tbe  valleys  there  is  scaoty  veg- 
etation. 

Tbe  party  ander  Lientenant  Macomb  pursued  its  labors  principally  in 
tbe  area  of  attaa-sfaeets  47  D  and  60  B;  its  route  waa  up  Carson  Valley 
and  cauoD  into  Hope  Valley  to  Placerville,  Gal. ;  thence  north  and 
among  the  headirat«rs  of  the  American  and  Yuba  rivers,  connecting 
with  work  of  tbe  previous  year.  In  August  it  again  moved  from  Placer- 
ville  eastward  across  the  Sierras,  occupying  numerous  triangulation 
points,  to  Silver  City.  Thence  it  moved  south  to  Sonora  Pass,  and  as 
&r  as  Bridgeport,  Gal.  From  thence  its  course  was  north  by  tbe  Sweet- 
water Moontains,  and  west  by  San  Andreas,  to  Silver  City,  for  sap- 
plies,  at  which  point  the  geologist  was  occupied  for  nearly  a  month  in 
the  mountaios  east  of  Carson  Valley,  and  the  field-season  closed.  The 
following  sammary  shows  a  onmber  of  the  principal  instrumental 
observatioos  made: 

Namber  of  azimuths  measured,  13 ;  number  of  sextant  latitude  sta- 
tions occupied,  118;  number  of  maiu  triangulation  stations  occupied, 
108;  number  of  secondary  triangulation  points  occupied,  262;  namber  of 
three-point  stations  occupied,  1,414 ;  number  of  meander  stations  occu- 
pied, 11,227;  number  of  variationsof  the  needle  taken,  423;  number  of 
miles  measured,  9,728;  number  of  cistern-barometer  stations  occapied, 
1,25^;  namber  of  aneroid  stations  occupied,  7,558.  The  highest  alti- 
tude noted  was  14,415  feet,  and  the  lowest  900  feet,  tbe  latter  at  San 
Andreas,  Cal. 

The  special  parties  operating  iu  TTtab,  Idaho,  and  Nevada,  other  than 
lieutenant  Wheeler's,  consisted  of  Dr.  Kampf,  Miles  Rock,  and  Francis 
Elett,  and  their  assistants.  The  results  of  their  labors  consist  iu  the 
establishment  of  a  namber  of  main  triangulation  stations,  the  measure* 
meat  of  three  bases,  the  occupation  of  a  number  of  trigonometric  stations 
in  the  valley  of  the  Oreat  Salt  Lake  about  Ogden,  and  tbe  measorement 
of  several  minor  traveled  routes  from  the  Union  Pacific  liailrond  to  the 
Dorthward.  Tbe  special  parties  in  tbe  California  section  were  occupied, 
one,  under  Mr.  Weyss,  in  the  Lake  Taboe  region,  productive  of  very 
interesting  topographical  results;  and  one,consiatingof  John  A.Cbnrcb, 
mining  engineer,  and  A.  Karl,  in  a  critical  survey  of  tbe  Comstock 
Mines,  an  interesting  pFeliminary  report  of  which  has  been  made 
by  Mr.  Cbnrch.  The  examination  of  the  Washoe  mining  region,  ia 
«hich  the  famous  Comstock  lode  is  sitnated,  consists  of  an  elaborate 
contour  survey  of  [be  entire  area  covered  by  the  mining  and  milling 
works,  delineated  upon  a  scale  of  one  inch  to  five  handred  feet,  each 
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contoar  represeuting  a  vertical  distauce  of  fifty  feet.  Tlie  field-work  for 
this  purpose  is  dow  completed.  Gross-sectioDS  at  horizontal  distaoceH 
of  one  hundred  feet  are  being  made;  tbe  workings  along  each  of  the 
opened  levels  of  tbe  numerous  miuea  are  being  mapped,  and  a  loogi- 
tadinal  section  oa  an  appropriate  scale  will  Bbow  most  accurately  the 
relative  iwaition  of  tbe  mines,  their  preeeot  openiugs,  and  tbe  lines  of 
all  tunnels,  including  the  Sutro  Tunnel.  In  this  work  tbe  engineers 
and  surveyors  of  tbe  region  have  gratuitously  contribated  tbe  aee  of 
their  maps  and  tracings  made  by  them  for  tbe  several  mining  companies, 
and  especially  Mr.  I.  B.  James,  whose  name  in  this  relation  has  been 
connected  with  the  Comstoch  Mines  almost  continnoasly  siDce  their 
early  working.  Tbe  examinations  proposed  to  be  made  include  the  sub- 
ject of  temperatures,  ventilation,  drainage,  and  treatment  of  ores.  In 
this  work,  that  must  cover  a  Dumber  of  years  in  order  to  prove  encceBS- 
ful,  the  officer  in  charge  will  be  able  to  devote  some  of  bis  time,  and  the 
different  problems  involved  will  be  submitted  to  experts  in  the  branches 
of  geology,  mineralogy,  and  metallurgy. 

Mr.  Henshaw,  zoological  assistant,  accompanied  party  ISo.  1  of  tbe 
California  section  as  far  as  Southern  Oregon,  and  largely  supplemented 
tbe  collections  made  during  tbe  previous  year  illustrative  of  the  zoSlogy 
of  that  interesting  region.  Tbe  hubits  of  the  water-birds  were  carefnily 
studied,  and  large  collections  madeof  skins  and  eggs.  A  thorough  col- 
lection of  fishes  was  also  made,  and  the  discovery  of  a  large  and  fine 
treat,  one  of  two  species  inhabiting  Lake  Tuhoe,  is  announced.  The 
Lepidoptera,  Ortkoptera,  &c.,  gathered  have  yet  to  be  examined  and  re- 
ported upon. 

Mr,  A.  B.  Conliling  accompanied  party  No.  2  as  geological  assistant, 
and  examined  tbe  eastern  and  western  slopes  of  tbe  Sierras,  in  contin- 
uatioD  of  previous  examinations.  Some  important  mining  stations  were 
visited,  including  Bodie,  where  new  and  promising  discoveries  of  gold- 
bearing  quartz  have  been  recently  found,  and  Aurora,  which  Is  again 
becoming  prominent.  The  country  examined,  however,  offers  few 
problems  of  interest  to  the  geologist,  presenting  a  mocotouons  nniform- 
ity  of  structure,  granitic  rocks  largely  predominating,  with  occasional 
evidences  of  volcauic  outbursts.  Yolcauic  breccia  abounds  ia  some 
sections.  Evidences  of  glacial  action,  so  abundant  atLakeTahoe,  were 
found  at  various  points  southward,  notably  about  the  headwaters  of 
tbe  Stanislaus,  American,  and  Mukelnmne  rivers.  A  small  collectiou 
of  vertebrate  fossils  of  the  Tertiary  age  was  made  near  Carson,  N"ev. 

At  tbe  Washington  office  tbe  usual  number  of  draughtsman  Lave 
been  continuously  engaged  upon  tbo  topographic  sheets  in  course  of 
construction,  upon  scales  of  one  iucb  to  eight  miles,  one  inch  to  four 
miles,  one  incii  to  two  miles,  one  inch  to  one  mile,  and  one  inch  to  two 
thousand  feet.  Tbe  number  of  sheets  so  projected  as  to  conjoiu,  cover- 
ing the  entire  area  of  survey,  is  95,  each  19x24  inches.  Many  of  these 
sheets  are  now  complete,  and  tbirty-two  sections  to  be  represented  by 
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ilUtinct  sheets  bave  been  eatered.  The  geological  maps  are  based  apoD 
the  topograpbical-atlaa  Bheets,  and  have  correBpondiag  numbers.  The 
folIowiDg  sheets  appear  with  the  annual  report  submitted  to  the  Chief 
of  Engineers,  June  30, 1877,  viz :  Atlas-sbeet  53  C,  embracing  portions 
of  Central  Colorado,  and  showing  the  drainage-basin  of  the  Sonth  Platte 
Biver ;  61  B,  Central  Colorado,  showing  portions  of  tbe  drainage  basin 
of  the  Bio  Grande,  Arkansas,  Gunnison,  and  Soutti  Platte  rivers,  indi- 
eating  economic  features;  61  C,  sub,  part  of  Southwest  Colorado,  nod 
draloage-basins  of  tbe  Oaonlsou,  Bio  Grande,  Animas,  Mignel,  and  Uu- 
coDpahgre;  61  D,  embracing  portions  of  Southern  Colorado,  and  lying 
prindp^ly  in  tbe  drainage-basin  of  the  Bio  Grande ;  Cd  D,  embracing  a 
portion  of  Sontbeastero  California,  showiog  tbe  interior  basin  of  Paiia- 
mint  and  Death  Valleys,  Amargosa  Biver  and  Owens  Lake  drainage ; 
69  B,  Southern  Colorado  and  Northern  New  Mexico,  lying  principally 
in  the  drainage-basins  of  tbe  Bio  Grande,  Oonfyos,  Cbama,  aud  Navajo 
rivers ;  70  A,  Southern  Colorado  and  Northern  New  Mexico,  showing 
tbe  drainage-basins  of  the  Purgatory  and  Oanadiaa  rivers,  and  Costilla 
aod  Cnlebra  creeks ;  70  0,  Northern  New  Mexico,  and  drainage-basins 
of  the  Canadian  and  Mora  rivers ;  and  77  B,  embracing  portions  of 
Central  New  Mexico,  and  lying  in  the  drainage-basinB  of  tbe  Bio  Qranda 
aod  Pecos  rivers. 

All  these  sheets  except  63  C  and  61  D  show  economic  featnres  of  the 
nreas  represented  by  arrangement  of  colors. 

A  temporary  field  office  has  been  established  at  Ogdeu,  where  time 
and  meteorological  observations  ore  being  taken,  and  the  further  topo- 
^phical  and  hydrograpbical  survey  of  the  Great  Salt  Lake  basin  is 
being  carried  forward  by  a  special  party. 

Daring  the  ^ear,  volume  IV  of  the  quarto  reports  on  Paleontology 
has  been  pablisbed,  and  volume  II,  on  Astronomy  and  Barometric  Hyp- 
Bometry,  is  passing  through  the  press;  as  is  also  a  catalogue  of  the 
mean  declinations  of  2,018  stars,  which  Dseful  work  will  supply  alt  the 
needed  latitude  stars  for  the  entire  area  west  of  the  one  hundredth  me- 
ridian from  latitude  30°  to  60°  N.  During  that  part  of  each  year,  t.  «., 
from  May  to  December,  in  which  the  season  is  best  adapted  for  such 
observations,  it  will  appear  that  this  Survey,  having  at  its  base  the  sys- 
tematic collection  by  the  most  scientific  method  of  topographical  data 
for  an  accurate  map  of  the  Western  mountain  region,  has  gone  on  with 
its  usual  vigor,  having  now  prosecuted  its  labors  in  tbe  States  and  Ter- 
ritories of  Texas,  Colorado,  Nebraska,  California,  Nevada,  Oregon,  New 
Mexico,  Arizona,  Utah,  Wyoming,  Idaho,  and  Montana,  and  already 
pnblished  original  maps  covering  an  area  of  242,598  square  miles.  It 
vill  be  seen  that  considerable  progress  has  been  made  toward  tbe  com- 
pletion of  the  great  topographical  map,  on  a  scale  of  one  inch  to  eight 
Biles,  that  will  embrace  an  approximate  area  of  1,443,360  square  miles ; 
or  an  area  considerably  larger  than  that  embraced  by  all  the  States  lying 
east  of  the  Mississippi  Biver. 
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LIST  OP  DONATIONS  TO  THE  NATIONAL  MUSECJM  IN  1877. 

Alaska  Commercial  Company^  Son  FrancUeo,  Cal,  Tvo  skins  of  tbo  bloe 
fox  and  two  of  tUe  white  fox  (Vulpes  lagopua),  fknn  tbe  Prybilov 
Islands,  Alaska. 

Ammen,  Commodore  Daniel,  Hydrograpkie  Office.  Soundings  of  tbe  United 
States  steamer  Gettysbarg,  on  the  Oorringe  bank. 

Anderson,  W.    Bones,  shells,  &c.,  from  cave  in  Ohio, 

Appleton,  B.  M.  {jthrough  John  Sutherland),  Salmon-troat  and  vhite-flahi 
from  Lake  Winnipiseogee,  New  Hampshire. 

Arnold,  J.  Edward.  Three  egga  of  selacbian,  fh>ai  Santa  Monica  Bay, 
California. 

Atkine,  Charles  G.  Collection  of  fishes  (salmon,  white-flab,  suckers,  &c.), 
fh>m  Grand  Lake  Stream,  Maine. 

Anderson,  William.    Box  of  stone  implements  and  pottery,  firom  IlliDOis. 

Babcoek,  L.  L.    Skin  otMedynulea  ludovicianus,  ttom  Massachusetts. 

Baird,  Prof.  B.  F.  Three  everglade  kites,  two  t>oxes  flsfaea,  reptiles, 
shells,  seven  boxes  turtles,  flshes,  &c.,  and  polstone  dish  from  Florida ; 
two  boxes  of  flshes  from  Wilmington,  N.  C;  box  of  flshes  from  Charles- 
ton,S.C;  four  liviDg  terrapins  from  North  Carolina;  stone  tube  from 
Tennessee,  and  specimen  each  of  Murpho  cypris  and  M.  menelaut, 
from  South  America. — See,  also,  Washington,  United  States  Fish 
Commission. 

Baldwin,  D.    Skull  of  black-tailed  deer,  and  skeletons  of  skunks. 

Ballou,  W.  S.    Box  of  Indian  relics,  from  Oak  Harbor,  Ohio. 

Bannister,  Marshall.    Box  of  skins  of  Massachusetts  birds. 

Barber,  E.  A.  Skin  of  loon,  fiom  California  (collected  by  J.  H.  Buel), 
box  of  fossils,  shells,  and  minerals,  from  Colorado  and  Arizona. 

Barringer,  A.  L.    Four  boxes  of  living  auakes,  from  North  Carolina. 

Bassett,  William.  Specimen  each  of  sliad  and  cat-flsb,  from  the  Sacra- 
mento Biver. 

Beach,  Miss  Agnes,    Horned  toad  (Pkrynosoma),  from  Colorado. 

Beach,  Seth.    Piece  of  enamel  of  tusk  of  mammoth. 

Bean,  Dr.  T.  S.  Skin  of  uight-jar,  specimens  of  ffybognathus  regius, 
BseiidoplcuroTiectes  americanns,  and  plaice,  Pleuronectes  glaber;  froga, 
(Eana  halecina  and  R.  clamitans),  from  Washington,  D.  C;  three  boxes 
of  stone  implements,  Irom  Bainbridge,  Pa.,  and  stone  celt,  from  Ma- 
ryland. 

Bean,  Dr.  T.  S.,  &  F.  S.  Cashing.  Collection  of  fragmentary  pottery, 
arrow  heads,  &o.,  from  Washington,  B.  C. 

Beardslee,  Commander  L.  A.,  JJ.  8.  N.  Box  of  salmon  and  tront,  from 
Piseco  Lake,  New  York. 

Beaty,  John  F.    Ball  of  matted  hair  taken  from  stomach  of  Texas  ox. 

Beauchamp,  Bev.  W.  M.  Box  of  stone  implements  and  shells,  from  West- 
em  New  Tork. 
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Beaumont,  Thomas.    Specimens  of  arrow-lieadsaod  rocks,  from  Kansas. 

Beekwitb,  J.  B.    Devil  beetle  {Dynaatea),  from  2^ew  Orleans,  La. 

Btlding,  X.    Large  collection  of  birds*  ekins,  from  Oalifotnia. 

Bellinser,  JEdmund.    ^Narcotic  bean  (Indian  "  Frebolea"),  from  Teicas. 

Btnecke,  Louis.    Box  of  minerals,  from  Missouri. 

Banelt,  Ih:    Jaw  of  fossil  Mwropua,  fmm  Darling  Downs,  Qneenslaad. 

Bennett,  0.  J.    Collection  of  arrow-bends  and  chippings,  from  Virginia. 

BeiMett,  Senry  S.    Fragments  of  pottery,  from  near  Qape  Henlopen. 

Berlin,  A,  F.    Collection  of  rade  stone  implements,  from  FennsylvaDia. 

Benaga,  Dr.  F.  T.    Ecbinoderm,  from  Missouri. 

Binney,  W.  0.    Seven  species  of  Melteea. 

Bishop,  J.  H'.  Box  of  IT-year  loonst  and  box  of  minerals,  from  Con- 
necliout. 

Btackford,  Eugene  6.  Specimens  of  bine-back  tront,  snckers,  Cristivomer 
namayoiiah,  Salmo  salar,  Coregonvs  albus.  Lota  laeuatris,  Alepidosaurus 
ferox,  Argyrosomus  tullihee,  smelt,  Eaox  noftiZtor,  LacknolcBiavs,  Ostra- 
don,  abaci,  Bermndian  prawn,  oyster  shells,  and  many  otber  species 
offices,  from  various  localities  in  the  United  States. 

Bland,  Thomas.    Xine  species  otSelices. 

BairdmaTt,  Oeo.  A.  Egg  of  Aratmu  giganteus ;  mounted  skin  of  albino 
robin  from  Maine ;  skins  of  bine  beron  ttnd  hawk,  from  Florida. 

Bodimer,  Geo.  S.    Kest  and  4  eggs  of  crow,  {torn  Maryland. 

Bowers,  Bee.  Stephen.  Forty-four  boxes  of  ethnological  collections,  IVom 
Santa  Barbara,  Cal. 

Boyd,  Dr.  8.  B.    Sbcd  skin  of  black  snake. 

Brackett,  Col.  A.  G.,  U.  S.  A.  Box  of  birds' skinsand  eggs,  from  Wyom- 
ing. 

Bransford,  Dr.  Jolm  F.,  U.  8.  JV.  Thirty-five  boxes  of  pottery  and  tank  of 
alcoholics,  from  Nicaragua. 

Brazilian  Vommiasion,  Philadelphia.  Si>eeimens  of  glue,  marine  grasses, 
&c. 

Brodnax,  Bevj.  U,  Indian  utensils,  and  iron  dust,  from  Plantersville 
La. 

Brown,  A.    Centipede  and  tarantula,  froui  Texas. 

Brown,  Dr.  J.  J.  Box  of  Pujpas,  ffelices,  &c.,  from  Bermuda ;  specimen 
otChrosomus  erythrogaster,  from  the  Bamboo  River,  Wisconsin. 

Brwier,  C.  0.    Box  of  invertebrate  fossils,  from  the  Mississippi. 

Bunting,  Gen.  T.  B.    Ttvo  stone  idols,  from  Goatemala. 

Butler,  A.  W.    Skin  of  Btgulus  calendula,  from  Indiana. 

Carley,  B.  J.  M.    Specimen  of  borerclam,  aud  box  of  Calcutta  oysters. 

Carpenter,  Lieut.  W.  L.,  U.  9.  A.    Box  of  birds'  eggs,  from  the  West. 

Cue,  H,  B.    Casts  of  stoue  implements,  from  Ohio. 

Couy,  Edward  P.    Carved  black-slate  disb,  from  the  north  west  coast. 

Catlin,  J.  C.    Insect,  from  Ohio. 

Cattenniai  Board  of  Finance,  Philadelphia.  The  Swedish  exhibit  of  iroa 
and  steel  at  the  Vienna  Exposition  of  1873. 
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OhtyptHan,  2f.  A,       Stone  implements,  from  Obio. 

Chase,  Orem  if.    Specimen  of  Lota  laeustrU,  from  Detroit,  Mich. 

Chester,  Capt.  S.  C.    StomachB  of  mackerel,  from  Fisher'n  Island  Soond 

Clark,  Ceo.  A,    Spider,  fi;«m  Washiogton,  D.  0. 

Cleneay,  Thomas.    Collection  of  stone  implements,  from  Obio. 

Coffgsaell,  Amoa,    Specimen  of  silver  ore,  from  Oregon. 

Cowman,-  George.  8.    Specimen  of  coal,  from  Texas. 

Colvia,  Yerplanch.    Specimens  of  whtte-flah  and  salmon,  from  Baqaette 

and  Bisby  Lakes,  New  York. 
Coves,  Br.  Elliott.,  U.  S.  A.    Five  skins  of  birds,  from  Wyoming  and 

Dakota. 
Coulter,,  R.  M.    Gruataceau  [Branchlpus),  from  Ohio. 
Coup,  W.  CyXetv  Yorlc  Aquarium.     Flying-fox  (Pteropiw);  and  Mexican 

Axololt,  from  Germany. 
Courtenay,  William.    Insects,  from  Dakota. 
Cruger,  Kortwright.    Fresh-water  iwlyp. 
Cunningham,  K.  M.  C.    See  Gaines. 
Cttshing,  Frank  H.  and  Henry  J.  Biddle.    Three  boxes  of  cave  remains, 

from  Hagerstown,  Md. 
Cheneg,  8.  F.    Star-fish  and  specimens  of  coral,  from  Grand  Manao,  K.B. 
Daggett,  P.    Bocks  and  minerals,  from  Vermont. 
Jiay,  Robert.    Twofisb  [Cgprinodonts). 
Be  Beck,  D.  W.    Collection  of  fossils. 
jDerrg,  C.  ^V.    Box  of  silver  ores,  from  the  "  J.  D.  Dana  "  Ledge,  Dana- 

ville,  Colo. 
Ditnock,  W.  B.    Stone  implement,  from  Ohio. 
Boron,  T.  S.    Specimens  of  fishes,  from  tbe  Alabama  Biver. 
BougherUjviUe,  Tenn.,  Quarrg  Company.    Slab  of  marble. 
Boirniag,  S.  W-    Sulphate  of  soda,  in  deposit  and  nolntion. 
Baffg,  Baniel  J.    Speeimeiia  of  Dorosoma  and  Hgodon,  from  the  Tennes- 
see River. 
Buges,  Br.  Bon  Alfredo.    Box  of  birds'  skins,  from  Mexico. 
Bunn,  Geo.  E.    Oasts  of  stone  implements  and  images,  from  Indiana  and 

Obio. 
Bunn  Brothers,  Philadelphia.    Three  boxes  of  China  clays. 
BuPre,  B.  A.    Box  of  fossil  plants,  from  Virginia. 
Bickinson,  E.    Specimens  of  birds'  eggs,  from  Palestine,  and  uest  and 

eggs  of  Selasopkorus  alleni,  from  California. 
Easton,  D.  M.    Specimens  of  quartz,  from  New  Afeixlco. 
Edicards,  Vinal  N.    Tliirteeo  boxes  of  fishes,  from  Wood's  Holl,  Massa- 

chosetts. 
Eltiiitt,  B.  S.    Bone  from  round  of  beef  with  ciroolar  rings. 
EUsicortk,  E.  \V.    Collection  of  shells  and  wooden  implements,  from 

Coonecticul. 
Ecersfield,  Br.  W.  0.    Drilled  ceremonial  implement  from  Maryland. 
Ferguson,  8.  W.    Live  snapping  tnrtle  and  specimens  of  pike-peroh, 

from  the  Mississippi  Biver. 
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Fitker,  Mlu ,    OolleoUoQ  of  Engtiah  otosaea. 

Hm^  J.  0.    Specimen  of  ore,  from  Fort  Smith,  Ark. 

Fogg,  W,  H.    Speeimea  of  fossil  (AUortsma),  from  Indiana. 

Ford,  JokH.    Stone  implement,  from  Illinois.  . 

Ford,  J.  B.    Qaartz  pebble. 

Fdmeg,  D.  8.    Specimen  of  magnetio  iron,  from  Virginia. 

Fox,  W,  M.    Thirteen  bird's  skins,  from  New  Hampshire. 

Frink,  W.  B.    Specimen  of  sounding  sand,  from  Kaoia,  Hawaii. 

Frith,  David  B,    Native  Garib  obairs,  from  Tark'«  Island,  West  Indies. 

Fuiler,  Capt.  Jot^k  J.    Collection  of  ashes,  birds  and  mammals,  from 

Eerguelen  Land,  8.  A. 
FiUhugk,  v.  A.    Specimens  of  Sot9miffo»ut  A&rysofeHoo*,  from  Bay  City, 
Mich. 
OM,  I>r,  W.  M.    Two  wooden  idols  and  box  of  aloobolios,  from  St. 

Domiugo ;  one  Carib  wooden  chair,  two  wooden  Carib  earrings. 
Oainei,  Mqj.  A.  &  £  K.  M.  Cunningham.    Two  boxes  of  pottery,  from 

Mobile,  Ala. 
Qalbraith,  I".  Q,    Arrow  points  and  stone  implements,  fhim  Bainbridge, 

Pennsylvania. 
Qarretk,  J.  E.    Newt  in  alcohol,  fitom  PennsylvaDia. 
Garland,  Maurice  M.    Bed-tailed  bawk  ( Buteo  borealit),  from  Virginia. 
Qibln,  Geo.  J.    Oorals,  ball  of  matted  hair  from  atomaoh  of  oov,  seeds 

of  giant  yellow  stramoniom,  and  stone  relics,  from  lurk's  Island,. 

W.I. 
6iU,  Mrs.  Charlotte.    Insects,  from  Colorado. 
QUua,  Dr.  J.  H.    Box  of  shells,  from  Oneida  Oonnty,  N.  Y. 
GooddU,  8.  L.    Samples  of  Menhaden  oil  and  exU^aotum  camit. 
6w>de,  0.  Brovnt.    OoUeetions  of  fishes,  shells,  coral,  twenty-two  eggs  of 

Phaeton  Jlavieauda,  and  fish-trap  (model),  from  Bermnda ;  specimen  of 

salmon,  tntm  the  Conneotiont  Biver. 
Qvrdon,  J.  J.    Specimen  of  ooal,  from  West  Virginia. 
Oraham,  J,  B.    Model  of  fish-weir. 
Qrant,  General  U.  8.    Bast  of  General  Grant  exeonted  in  wire,  exhibited 

by  the  Penivian  section.  International  Exhibition,  1876. 
Oreegor,  I.    Oolleotion  of  Indian  relics,  from  Florida. 
Gregg,  A.    Photograph  of  stemnm  of  deer. 
Qriat,  Jeue  W.,  United  Statet  Indian  agent.    Specimen  of  mineral, 

from  Otoe  agency,  Nebraska. 
Qwtdlack,  Dr.  Juan.    Ten  specimens  of  birds'  skins,  from  the  West  In* 

dies. 
Haldeman,  Dr.  8.  8.    Indian  slang-shot  and  plnme,  collected  by  Lewis 

and  Clarke  expedition. 
HaU,M.  E.    Fresh  andalcobolic  specimens  of  herring,  from  Lake  Cham- 
plain. 
Sail,  Capt.  W.  6.    Basket,  ceremonial  ax,  and  collection  of  shells,  fhHO 

the  South  Sea  Islands. 
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Sailer,  Chris.  J).    Albibo  to\A6,  lb  fl«A,  fl>om  VifgialB. 

Sallock,  Oharlea.    GoHeotiOD  of  Blcohotie  fliilics. 

Eammoiu,  S.  V.    MiDtnals,  fnnn  Alabama. 

Mardenburgh,  A.  JS.,  United  StMet  tiirteyw-fferm-dl,  CWf/ontJa.    Bpeti- 

meos  of  gofd,  silver,  and  other  ores  fh>in  variooB  taioes  ta  Oallfoniia. 
Saakin,  8.  D.    Lydite,  celt,  and  doQbl«-grooTVd  Btobe  as,  ftota  Teanee- 

see. 
JJdmart,  A.  Q.    BwkCn  ftWo*-betd. 
SAytcarS,,  f.  W,    Collection  of  Mtens,  from  SoOth  Oatoliw. 
jSesself  Rudolph.    Specimen  ai  Agtaca*  fiVBiatiUa,  {Km  Bofa^Bfa. 
Hewitt,  B.  S.    Specimen  of  pike. 
Seteltt,  Jx>hn  B.    Botozoio  vortti,  fttna  liver  of  oat. 
Milder,  Fred.  F.    Collectioa  of  moond  pottery,  from  MissonrL 
Sill,  Vharlolte.    PoBsil  insects  and  leaves,  from  Colorado. 
Sill,  E.  B.    GaBtB  of  stone  implements,  ^m  Ohio. 
Sime»,  Prof.  XJh&a.  F.    Bones,  ttom  cave  near  Hagerstowu,  Md. 
Sirat,  F,    Collections  of  fossil  shells,  bones,  fishes,  Indian  Stone  imple- 
ments and  pottery,  birds'  eggs  and  skins,  fishes  and  worms,  and  skull 

of  Castor  fiber,  from  Wyoming. 
Hitchcock,  S.  y.    Skin  of  Plectrophanea  mnoeoiem,  from  Arizona,  and 

skin  of  Louisiana  tauager,  ft'om  California. 
Hoffinan,  Dr.  W.  J.,  U.  8.  A.    Albnm  of  autobiographical  plotares,  bj 

*'  Banning  Antelope,"  a  Dakota  IndEan  chief. 
Holden,  Captain.  Snake,  from  Indianola,  Tex. 
HiAbard,  8.  jr.  Box  of  California  birds'  eggs. 
Hulbert,  Robert  H.    Specimen  of  fish  {CHimixra  ptambea),  from  the  La 

Have  banks. 
IlHg,  S.  L.    Box  of  stone  impletncnts,  from  Lebanon  Conn^,  Penosyl- 

vania. 
Irwin,  Dr.  B.  J.  J>.,  U.  8.  A.    Specimens  of  17-yeat  loonst,  flrom  New 

York. 
Ives,  Frank.    Box  of  fossils,  from  Eenytfn  Cbnnty,  Minnesota. 
■Jackson,  E.  E.    Penis  of  Laeertiau  and  specimens  of  gold- fish,  ftom  Sontb 

Carolina. 
James,  Dr.  T.  H.  ■  Box  of  Indinn  relics,  from  Arkansas. 
Janetcay,  Dr.  J.  H.,  U.  S.  A.    Three  bottles  of  fishes,  ttoru  Saint  Aagos- 

tine,  ¥]&. 
Jeffries,  W.  W.    Collection  of  rocks,  from  Pennsylvania, 
Jennings,  R  0.    Eggs  of  tarautnis,  from  Arkansas. 
Jetoeti,  Colonel.    Bottle  of  parasites  (Cymothoids),  from  Santa  Barbara, 

Ca). 
Johnson,  W.  R    Mineral,  from  Marion  Connty,  Virginia. 
'^ones,  H.  R.    Stone  pipe  and  arrow-heads,  from  Indiana. 
Jones,  W.    Mineral  earth,  from  Alabama. 
'■Jordan,  Pro/.  D.  S.    Collection  of  vestem  and  southern  fresh-water 

fishes. 
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Kalei,  J.  W.    Indinn  fltOB«  tabe,  from  Obis. 

Keep,  Professor.  ••'•  <■  ' — '■  ^ 

Kendriek,  Frank  F.    Specimeo  of  eoal,  ttom  Yirffinift. 

Kercheval,  A.  W.    Qtiarte  crygtala,  from  West  Virjrinia. 

Ker^Uno,  Johtt.    Box  of  foeeils,  from  Ifebraska. 

£Imm,  Tkeodore,    Swan,  in  flnh,  from  Alanniee  Bay,  Obto. 

Kokn,  Q.    Colleotioa  of  tartles  and  salamander  (3fanoulK$  i-digitattis), 

from  Lontsiana, 
Kregif  Qerard.    Specimens  of  SUotrii,  penih,   and  PhaacogaU,  from 

Qaeenaland,  Anatralia. 
Kumlien,  A.  L.    Golleclaon  of  birda^  ekins,  ttota.  Wiscoasin ;  Deat  and 

eggs  of  Zomtritihia  eoronala,  from  Oaliforaia. 
Langdon,  Frank  W.    Oolleetioo  of  birds'  sbios,  from  Ohio. 
Langlej/,  William  E.    Crmb,  from  New  Soath  Wri«8,  Anstialia. 
Lawmce,  Alfred  N.    Skeleton  of  cow-flgh  {Turtiopa),  trovi  Rookaway 

Beach,  Long  Island. 
Le  Baroa  J.  F.    Box  of  shells,  bones,  pottery,  &c.,  from  Florida. 
letton,  Bev.  J.  F.    loseot  {Lampffris),  from  Kentncky. 
Locke,  William  M.    Boxes  of  stone  implements^  from  Ohio  and  New 

York. 
Lockicood,  Samuel,    Prepared  skeletons  of  bass  and  shad. 
Loomis,  W.  T.    Two  ftvst-fisb  {Coregonvg),itom  White  Lake,  Sew  Yoi^. 
Love,  J)r.  J.  G.    Two  marioe  shells. 
Logger,  Otto.    Specimens  of  Umira  pygvuea,  Partphippta  foheir,  Oobitda, 

die.,  and  shark  (Ginglgmoitoma  cirrkatwn),  fW)m  Chesapeake  Bay. 
Lufirrd,  W,  R.    Portion  of  lower  jaw  of  mosk-rat, 
MeAdo9,  O9I.  W.  &.    Box  of  pottery,  from  G«or^a. 
MeChmnta,  A.    Specimens  of  mineral,  ftom  CMlftHFnia. 
McGregor  {Iowa]  Artmian  WeU  Con^awg.    Bottle  of  artesian-well  water. 
MeEiniegf  Wtn.    Box  of  Indian  relics  and  funeral  am,  from  Oeorgia. 
Mcleod,  R.  R.    Black  fox  in  flesh,  from  Maine. 
McKeiU,  Alexander.    Specimep  of  sand  impregnated  with  a^haltnm. 
McWiUiama,  Dr.    Bkin  of  Carpodatms  htetnorrhovt,  ftom  Uexioo. 
Makrmhoh,  B.  A  A.    Tanned  skin  of  breast  of  human  betog. 
Manh,  H.  Jf.    Qnartii  pebble,  from  New  Jersey. 
Martin,  F.  S.    Skin  each  of  Dendroica  coronata  and  J>.  laburnia,  frvm 

New  Hampshire. 
Mown,  Prof.  0.  T.    FoRSil  fish,  from  California. 
irafA«r,  Frtd.    Eggs  of  Urophyeix  regive  abd  parasites  fhim  Mmobranehia 

iateraUt. 
Matleton,  F.  S.    Skin  of  ciDoamoD  bear  and  skin  of  cnckdo  (Goeet/stu 

americanua),  from  Oregon, 
ifaown,  0.  P.    Salmon,  ftom  Lfike  Uiohigiui. 
Magnard,  C.  J.    Skin  of  PaSBereulna  prineeps,  from  MasBacbqsetta 
MazyOc^  W.  G.    Box  of  alcoholic  Bpeolmeos  of  moUnskB,  ftom  Sontk 

Carolina. 
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Meiga,  Henrg.    Two  boxes  of  aotiqaitiM,  firom  Bolivia. 

Meiga,  Omeral  if.  C,  U.  S.  A.    Hat,  in  flesb. 

Meldrum,  Qeorge.    OolleotiOD  of  ladiaa  relics,  from  Ohio. 

Mercer,  R.  W.    Sapposed  cremated  remalDB  from  Indiaii  vase. 

Merrill,  Mr.  {through  J.  Hendermtn.)    Chipped  arrow-points,  from  niiaois. 

Merrill,  Dr.  J.  C,  U.  8.  A.  Three  boxes  of  bird^  sbins,  two  boxes  of 
general  oatoral-historr  oolleotioDB,  skiD  of  Feiit  yagvarv,!^^  from 
Texas. 

Mickteboroiufh,  John,    Collection  of  Lower  Silarian  fossils,  from  Ohio. 

Middleton,  E.  J.    Thirty-six  birds'  and  one  weasel's  skin. 

Miller,  Howard.    Dried  plant,  from  Pcnnsylraoia. 

Mills,  Clark.    Sixty -fonr  casta  of  heads  of  IndiaDS,  from  Florida. 

Milner,  J.  W.  One  l>ox  general  natural  history,  1  keg  of  alcobolioa, 
5  living  tartles,  box  of  flsbes,  from  Havre  de  Grace,  Md.;  1  hiaek 
boss,  box  of  stone  implements,  from  Illinois. 

Minnieville  Mining  Oompang,  New  York.    Specimens  of  iron  ore. 

Moore,  JT.  B.    Fonr  birds'  skins,  from  Kassaa,  N.  P.,  West  Indies. 

Morgan,  Senator  John  T.  {through  Interior  Department).  Mica,  from 
Alexander  City,  Ala. 

MtieUer,  Dr.  Bt^olph.  Stone  celts,  from  Ohio,  and  moccasins,  £rom 
"Caster's  battle-field.'* 

Mvrpky,  W.  M.    Jaws  of  Saploidonotua  grunnient. 

Hath,  J.  C.    Brass  hose-nozzle,  from  moand,  in  West  "Virginia. 

National  Muteumof  Mexico.    Collection  of  Mexioan  ethsologioaand  birds. 

Neff,  Peter.    Oast  of  stone  face. 

Nelson,  E.  W.  Skin  of  wild  oat  {Lynx  rv^),  ftvm  California ;  collection 
of  fishes  from  the  Illinois  and  Calamet  Bivers ;  collection  of  etbno- 
logica  and  general  natural  history,  bom  Saint  Michael's,  Alaska. 

Sewton,  H.    Three  boxes  of  fossils,  tn>m  the  Black  Hills. 

JMcAoIi,  Or.  O.  E.    Specimens  in  fiesh  of  peaoook  and  Canada  goose. 

Nortoay,  King  of.    Two  native  chairs. 

NoUingham,  Wm,    Specimen  of  JnooeratMu,  fh>m  Washington,  D.  0. 

Nye,  Willard,    Box  of  alcoholic  fisbes,  from  TSew  Bedford,  Mass. 

€^,  F.  A.  OoUectioo  of  birds,  mammals,  reptiles,  and  fisbes,  &om  Do- 
minica; and  box  of  general  natnral  history,  &om  the  Bahamas,  West 
Indies. 

Ogle,  David  Q.  Collection  of  rocks,  fossils,  and  Indian  relics,  from  Mary- 
land. 

Ordnance  Department,  U.  H.  A.,  Qen.  8.  V.  Benit.  Large  collection  of 
general  natural  history,  fossils,  minerals,  and  Indian  implements,  ttom 
the  West. 

Osgood,  F,  Story.    Minerals,  from  Massachusetts. 

Onterbri^ge,  A.  F.,  jr.    Microscopic  slide  of  gold,  from  the  United  States 

Mint,  Philadelphia. 
Owingo,  Mr,    Ironstone  nodnle. 
Palvier,  Joseph.    Skeleton  each  of  horse  and  dock. 
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Palmert  Wiltiam,    Oolleotioa  of  asheB,fix>in  tfae  Potomac  Hirer;  Baakes, 

from  Virfpuia  aod  Maryland. 
Peeler,  Rmry  A.    Oatezpiilar,  from  Kew  Orleans. 
Fergande,  Ph.    Gollectiou  of  eggs,  bones,  woods,  &c.,  from  Missoari. 
PermanaU  Exhibition  Company,  Philadelphia.    New  SouCh  Waletf ,  Yic- 

toria'B,  and  Oaroegby's  exhibits  of  minerals. 
Perrine,  T.  M.    Box  of  stone  implements,  ixom  lUinoia. 
Ptummer,  Miu  8,  A.    Oud  of  mollnsks,  from  Oalifornia. 
PowM,  Samuel.    Two  tanks,  1.  box,  aud  1  keg  of  flDhes,  from  Kewport, 

B.I. 
Pretton,  D.  A.    Box  of  minerals,  ttota  Joplln,  ICo. 
Queeiuland,  Australia,  AocHmalization  Society.    Package  of  seeds  of 

Mabafaaeioulota  and  photographs  of  aborigines  of  Australia. 
Aamwy,  N.  A.    Specimeo  <^  kaolin,  from  ITorth  OaroHna. 
Bait,  Dr.  Charlet.    Indian  stone  tnbe,  from  Warren  Oonnty,  Kentucky. 
Ravend,  H.  W.    Bermuda  grass,  from  Aiken,  8.  O. 
Sedding,  S.  B.    Fishes  and  invertebrates,  from  Japan ;  specimens  each 

of  awa  ( Chanos  aatmoneus)  and  mullet  (Mugil  chaptalia),  from  EonolulQ. 
Seeder,  H.  J.    California  salmon  (&(t»tosaIar),  from  the  Delaware  Biver. 
had,  Dr.  J.  H,    Two  Indian  mallets  and  arrowhead,  fix>m  Colorado. 
Reintek,  Dr.  P.  F.    Box  of  microscopic  slides  of  meteoric  stouee. 
Reit,  Prof.  J.  B.,   Centeanial    Commintioner,    Portngnese  arboretum^ 

specimens  of  cottons  from  African  and  Indian  colonies,  books,  photo- 

graphs,  &c. 
S^ublic  {the)  Iron  Company,  Da  tid  Morgan,  President.    Specimens  of  red 

apecolar  iron-ore. 
Seville,  Father  D.    Anal  spioefl  and  interspinal  bones  of  sheep'shead. 
Seynolde,  Hon.  A.  R.,  Minister  to  Bolivia.    Box  of  copper  ores,  I'lom  Boli- 
via. 
Siekard,  J,  S.    Thirty-one  tnrtles,  1  fh)g,  and  12  shells,  ftom  Pennsyl- 

rauia. 
^chmondy  A.  0.    Small  package  of  fragmentary  pottery,  from  ITev 

York. 
Ridffway,  Sobert.    Box  of  birds,  reptiles,  &c.,  from  Mount  Oarme),  III.; 

2  birds,  nest  and  eggs,  from  Washington,  I>.  C. 
Soberteon,  B.  8.    Two  stone  implements  and  portions  of  human  crania, 

from  nUuois. 
Robert$onj  Dr.  W.  B.    Specimens  of  Campottoma,  tnm  Bolstein  Biver, 

Tirgiaia. 
BtAiiteon,  NeiU.    Stone  celt  from  West  Virginia. 
Rotamond,  W.  B.    Box  of  stone  implements,  from  Ohio. 
Rust,  H.  N.    Box  of  mound  pottery,  from  Illinois. 
Samuels,  B.  B.    Minerals,  from  Virginia. 
8ek%ee1t,  J.    Bottle  of  spiders,  from  Illinois. 
SdignUM,  Henry,  dk  Co.    Sample  of  stable-pnrifying  compound. 
Sellers,  0.  E.    Box  of  pottery  and  stone  implements,  from  Illinois. 
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Shaffer,  David  B.    Box  of  Uniet,  ham  Little  Miami  Biver,  Ohio. 
Sharp,  S.  Z.    Box  of  fresli-water  shells,  horn  th«  HoUteia  Biver,  Teo- 

Dessee. 
Sharp,  R.  BouiUter.    Hine  species  of  Old  World  Urds. 
Ukaver,  Amanda  B.    Geological  speoimemi,  from  the  Ohio  Biver  bottom. 
Shelbyy  Dr.  D.    Stone  bowl,  &om  Jacksoa  Oouoty,  Alabama. 
Sherman,  N.  A.    Collection  of  bird  e^gs. 

Shome,  Mr.,  through  T.  B.  Fer§u»(m.    Sectioa  modal  of  oyster  paogy. 
Siiitgerlattd,  A.    Stione  implemeut,  from  MiBsoori. 
Smith,  J.  P.    Arrowbeada,  from  Maryland. 

Small,  E.  E.    Two  grampnaea,  from  Higblaod  ligfat,  MassachnsettB. 
Smithy  Frank.    Colleotioa  birds'  eggs. 
Smith,  W.  H.    Gall  iuseets,  teom  Obapel  Hill,  N.  0. 
Snyder,  8.  P.    Specimens  of  galena,  from  Wyoming  Yalley,  Fennsyl- 

vania, 
SonTiatwtine,  J.  F.    Supposed  lodiaa  implement,  from  Ohio. 
Southxcell^  J.  S.    Bone  perforator,  &om  Illinois. 
Spangler,  Geo.    Box  of  fossilB,  from  Indiana. 
Spanish  Legation,  Wathaigtou.    Gollection  of  Spaoish  pottery. 
Stabler,  Jamts  P.    Snake  (Opkibolm  triangulua),  team  Maryland. 
Steams,  R.  E.  0.    Stone  implements  and  Indian  food,  from  Califbruia. 
Sterling,  J)r.  E.    Cast  of  OTaries  of  fish,  anti  dwarf  pike  (Etox  pygmoBiu.) 
Stone,  Oen.  Chat,  P.    Block  of  Egyptian  marble. 
Stone,  Livinggton,    Collection  of  salmonidfc,  from  the  Clackamai  Biver, 

Oregon;  box  of  flsbes,  from  the  McCload  Biver,  California. 
Stout,  Mrs.  Georgia.    Box  of  Indian  relics,  from  Pima  Agency,  Arizona. 
Sutro,  Adolf.    Papier-mach^  models  of  the  Sntro  Tannel  and  Comstock 

Lode. 
Taggart,  R.  F,    Tooth  oi  Equus  ooddentalis,  from  West  Virginia. 
Talbut,  Wiliiam.    Living  snake,  from  Washington,  D.  C. 
Tandka,  Ron.  Fusimaro.    Collection  of  Japanese  coins. 
Tasmania,   Qovemment  of.    Two  apecimans  of  Platypus  and  three  of 

Echiduce;  three  boxes  of  seeds  of  Anstralian  plants. 
Tate,  Oea.  K.    Specimen  of  iron  pyrites,  from  North  Carolina. 
Thomas,  Hilton.    Orange  infested  with  inseeta. 
Thomson,  J.  M.    Chnb-stK^er  {Eriwyeon  oilougus),  Paratraetus  pitquetos, 

and  Achirus  lineatus,  from  Massachasetta. 
Thomas,  Pack.    Shod  (AlMa  sapidistima),  from  the  Ohio  Bdv^. 
Thompson,  J,  B.    Five  apecimens  of  Salmo  quinnat,  reared  frem  eggs 

planted  in  1871  and  1S75. 
Thomburgh,  Eon.  J,  M,    Fossil  coal  plant,  fiom   Anderson  OouBty, 

Tennessee. 
Thornton,  S  C.    Skin  of  common  myna  (Aoridatiterus  trisHi). 
TUghman,  Dr.  Chas.  H,    Seeds  and  ^kUb,  from  oraw  of  red-head  dack. 
Tingley,  iVo/.  Joseph,    Fossils,  from  Indiana. 
ToUo,  Japan,  Mveeum.  of,  Bon. Kvbo,  in  charge.    OoUeetion  of 

woods  and  stone  implements,  from  Japan. 
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Toner,  Dr.  J.  M.    Stone  pipe,  arrowheads,  and  nnfiniahed  tube,  from 

Ohio  aa4  Eentiwkj  j  atone  psatle,  iroin  Maryland. 
Twrur,  Qrmmiie.    SpeciipeD  of  belemite,  from  tli4  Black  HiUa, 
Ttnur^  Jatoim  M.    Eiigb,ti  boz^s  of  etbnologica  and  geneial  natural 

hiBtory,  &UDt  Iiilicba«l's,  Al>6l(». 
Ull,  Smrs  I.    Box  of  bobmioal  ipocivena,  from  New  Jeraey . 
Valentine,  O.  O.    Box  of  stone  implementB,  iiom  Virginia. 
Fan  BentchoUn,  Prof.  J.  Q^    Stone  ceremonial  impl^mmit,  from  moaod 

in  Indiaoa. 
Foil  2>jfrff,  If.  T.    Skin  of  Pa$tor,  from  Beirut,  Syria, 
Tiekera,  J.  P.    Stone  jfliplein^tt  fivm  Illinois. 
Wa^ington,  D.  0.  : 
DtpartiMMt  of  iStato-    See  puder  the  name  of  Ben.  A.  B.  IteyMldSf 

mimitter  to  Solivia. 
Treaavry  Department.    Box  of  building  stones,  from  new  cuatom-hooae^ 
Chicago,  111. 
United  States  Coatt  ^rve^  {C^pL  C.  P.PatUrto*,  in  charge).    Speo- 
imene  of  atar&sh,  from  off  Cape  Cod,  Mass. 
'War  DepartiRmt  .- 
{Tutted  States  Arm]f'    See  nuder  the  names  of  Col  A.  0.  Braekett, 
Lieut.  W.  L.  Carpenter,  Oen.  M.  0.  Meiga,  and  Dieut.  Wtllit  Wittich. 
Surgeon-  GeneraPs  Office,    See  nnder  the  names  of  Dra.  Elliott  Cotua, 

B,  J.  D,  Inein,  J.  H.  Janeway,  and  cT*.  0.  MerriU. 
Swveg  ictst  of  the  one  hundredtii  meridian  [Zieut  0.  if.  Wheeler,  in 
i^rge).    Collection  of  weet-coa^t  fishes,  941  birds' skins,  and  2 
bales  of  ethnologioa,  from  the  West. 
Signai  Service.    See  nndet  the  name^  of  Sergeant*  S,  W.  Nela<m  and 
X.  M.  Turner. 
Xavy  Department : 
United  State*  Navg,    See  under  the  name  of  Com-mander  L.  A. 

Beardalee. 
Bureau  of  Natigation,  Comvtodore  Danisl  Amtiun.    Soqndingi,  from 

the  Oorringe  bank,  by  the  United  Stales  steamer  Oettyabarg. 
Medioal  Bvream.    See  ouder  the  iuu»e  of  Dr,  J.  F.  Brancard, 
Interior  DipartnmU  i 
General  Land  Off^ee.    See  nnder  th»  vajfonA  of  5Hrrej^a-£fen«raI  A. 

S.  E*rdenburgh  and  John  fFiusm. 
Indim  Bwnan.    See  nnder  Um  bhhw  ^  Isdiwi  4gfint  Jew  W. 

Qriett, 
United  States  Oeologieal  Surveg  of  the  Territoriea,  Firat  Division, 
(Dr.  F.  V.  Hayden,  tn  <Aarge).  Five  boxes  and  2  tanks  general 
natnral  history  collections,  firom  the  West;  9model8ofcIiff-hon8es 
and  relief  maps. 
United  State*  Oeologieal  Surveg  ^  tA«  Territorie*,  Seeond  Division 
{Prof.  J.  W.  Powell,  in  diarge).  Eleven  pieces  of  Shoshone  In- 
dian clothing,  1  box  ethnologlca.  See  also  nnder  the  name  of 
Bev.  Stephen  Botcera.  -C  OO'jIc 
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Watkington,  D.  0.  : 

United  StaUg  Fisk  Oommisnon  [Prof.  A  F.  Baird,  CommUsioner). 
Eleven  boxes,  4  tacks  marine  zoSlogy,  collected  at  Wood's  Holl, 
Salem,  Mass.,  and  at  Halifax,  TS.  8.  Bee  alao  under  the  names  of 
Chat.  O.  Amn»,  S.  F.  Baird,  T.  H.  Bean,  E.  0.  Clutter,  Vinal  N. 
Edwards,  Rudolph  Heuel,  A.  L.  Kumlien,  J.  W.  Milner,  and  lAv- 
ingaton  Stone, 
WaU,  John  P.  Two  stone  sinkers,  from  Florida. 
Waeeon,  Son.  John  United  States  eurveyor-generalf  arizona.    Specimens 

of  gold  and  silver  ores,  fh>m  varioas  mining  claims  in  Arizona. 
Was,  D.  8,    Living  diamond  rattlesnake,  from  Florida. 
ITebfr,  John  S.    Fossils,  from  near  Dayton,  Ohio. 
Werner,  W.  H.    Skin  of  solitary  sandpiper,  from  PennsylTania. 
Whitman,  O.  P.    Marine  fern  {Pennatula  pho$phorea  var.  aouleata),  from 

Brown's  Bank,  Mass. 
Whittlesey,  Charley.    Cast  of  stone  implements,  from  Ohio. 
Willets,  Joseph  0.    Trolling-hook  nsed  for  lake-trout,  at  Skaneateles,  K. 

Y.;  14  bottles  of  Forida  fishes. 
Willird,  Mrs.  Celeste.    Box  of  insects,  from  Florida. 
WiUiama,  C.  Foster.    Shell,  Pgrula,  from  Tennessee. 
Williams,  Dr.  M.    Specimen  in  flesh  of  Mexican  flycatcher, 
Williamson,  J.  M.    Specimens  of  fulgurite,  from  Illinois. 
Williamson,  T,    Spawn  of  black  bass. 
Witmot,  Samuel    Specimen  of  Dorosoma  keterura,  from  Lake  HaroQ ; 

staffed  skin  of  Ontario  salmon. 
WittcJieU,  Prof.  Alex.    Oollectioo  of  fresh-water  fishes,  from  Tennessee. 
Wittich,  Lieut.  Willis,  U.  8.  A.    Collection  of  sbrewa,  reptiles,  and  in- 
sects, from  Fort  Klamath,  Oreg. 
Wood,  Thomas.    Collection  of  fossils,  from  Maryland. 
Wooater,  A.  F.    Collections  of  general  natural  history  and  Indian  relics, 

from  Uonnecticnt. 
Yarrow,  Dr.  H.  0.    Box  of  slugs,  from  Waishiugton,  D.  C. ;  box  of  shells 

(Hydatina),  from  Santa  Bartora,  Cal. 
Yerkes,  Isaae,    Two  celts  and  quartz  crystal,  ft<om  Pennsylvania. 
Younglove,  John  E.    Pentramites,  from  Bowling  Green,  Ey. 
Yunck,  John  A,    Sample  of  glass  wool. 
Unknown,    Two  boxes  alchoholio  birds'  skins;  cast  of  hnman  face;  2 

grooved  celtsj  pairof  moccasins  and  belt;  3  pieces  of  rook;  specimens 

mica  and  granite ;  larvte  of  migratory  grasshopper. 
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LIST  OF  THE  MORE  IMPORTANT  EXPLORATIONS  AND  EX- 
PEDITIONS, THE  COLLECTIONS  OF  WHICH  HAVE  CONSTI- 
TUTED THE  PRINCIPAL  SOURCES  OP  SUPPLY  TO  THE 
NATIONAL  MUSEUM,  WITH  INDICATION  OF  THE  DEPART- 
MENT OF  THE  GOVERNMENT  UNDER  WHICH  PROSE- 
CUTED. 

[WhsM  no  deptitmeDt  Is  mentloDed  it  is  to  Iw  nndontood  tlutt  tbe  ooliMtiont  wen 
nude  more  Mpeclilly  »t  tbe  request  kod  nnder  tbe  diieotioD  of  tbe  SmithaooisQ  In- 
■titiitiati  and  to  »  gTMter  or  leas  degree  ■!  Ita  espense.] 

Prl«r  to  189*. 

1.  Captain  WiOxs,  U.  8.  JIT.    Tlie  coMts  of  South  America,  Weatern 

North  America,  Polynesia,  etc.    1838-1812.    United  States  Navy 
Departtnent. 

2.  Bev.  Dr.  Qvrley.    West  Africa.    1846-1857. 

3.  Bev.  0.  W.  Bettniaoti.    British  Gniana.    1812-1857. 

183*. 

4.  Dr.  J),  D.  Oaea,    Uaited  States  Geological  Surrey  made  in  Iowa, 

Illinois,  and  Minnesota.    1850-1857.    United  States  Genentl  Land 
Office. 

5.  Capt*,  L.  Sitgreavea  and  J.  C.  Woodruff,  V.  8.  A.    The  sarvey  of  (he 

Creeb  boundary.    War  Department. 

6.  Dr.  J.  Evana.    United  States  Geological  Survey  of  Oregon  and 

Washington  Territories.    Land  Office. 

7.  Dr.  Ckarka  T.  Jaclcton.    United  States  Geological  Survey  of  Lake 

Superior.    Land  Office. 

8.  Meters.  J.  W.  Ihster  and  J.  D.  Whitney.    Uaited  States  Geological 

Survey  of  Lake  Superior.    Land  Office. 

9.  W.  8timp»on.    The  New  England  coast 
10.  Thaddout  Culbertaon.    Upper  Missouri, 

1891. 
IL  Col.  J,  D.  Oraham  and  Maj.  W.  E.  Emory,  V.  8.  A.    United  States 
and  Mexican  Boundary  Sur\'ey.   1851-1855,   Interior  Department, 

12.  Capt.  L.  SitgreavM,  U.  8.  A.    Zuui  and  Colorado  Rivers.    War  De- 

partment. 

13.  Ci^t.  Howard  Stantbury,  U.  8.  A.    The  VfUley  of  tbe  Great  Salt 

Lake,  Utah,    War  Department. 
1899. 

14.  lAettt.  J.  M.  Oilliss,  U.  8.  If.    United  States  Astronomical  Expedi- 

tion to  Chili.    1849-1862.    Navy  Department. 
16.  Xtntf.  W.  L.  Herrtdon,  U.  8.  N.    The  Amazon  and  its  tribntaries. 

Navy  Department. 
16.  CapU  B.  B.  Marosf  and  Capt.  George  B.  McCUllan,  U.  8.  A.   The  Bed 

mver.    War  Department.  .-  , 
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1858. 

17.  Dr.  E.  K.  KvM.    liTorth  Greonland. 

18.  Copte,  0.  Ringgold  and  J.  Eodger$,  U.  8.  If.   Exploration  of  tb«  China 

Seas,  Sebring  Straita,  coast  of  Galifomia,  et43.    1853-18^.    Svfj 
Department. 

19.  Gov.  1. 1.  Stevens.    The  Pacific  Railroad  Survey  of  the  forty-seventh 

parallel.     1853-1865.    War  Department. 

20.  Lieut.  E.  B.  WilKawuon,  V,  S.  A.    The  Paeifle  Railroad  Bom;  oa 

the  partial  route  in  Oaliforuia.    1853-1855.    War  Department 

21.  Captains  Gunnison  and  Beokwith,   U.  8.  A.    The  Pacific  Bailroad 

Snrvey  on  the  tbirty-eighlh,  thirty-ninth,  and  forty-flrat  parallels. 
1863-1855.    War  Department. 

22.  Captain  Whipple,  U.  S.  A.    The  Paoiflc  Bailroad  Survey  on  the 

tbirty-flfth  parallel.    1853-1855,    War  Department. 

23.  Lieut.  J.  0.  Parke,  U.  8.  A.    The  Pacific  Bailroad  Snrvey  on  the 

-fcestem  end  of  the  thirty-second  parallel.    1853-1855.    War  De- 
partment. 

24.  Capt.  J.  Pope,  U.  8.  A.    The  Pacific  Bailroad  Sarvey  on  theeastern 

end  of  the  thirty-second  parallel.    1853-1855.    War  Department 

25.  Lieut.  R.  8.  WUHamaon,  U.  8.  A.    The  Pacific  Bailroad  Sorrey  in 

California  and  Oregon.    1863-1835.    War  De[>aFtment. 

26.  Commodore  M.  0.  Perry,  U.  8.  N.    Japan.    1853-1865.    State  aad 

Navy  Departments. 

27.  Capt.  J.  Pope,  U.  8.  A.    Artesian  Well  Borings  in  the  Llaae  Bsta- 

cado.    1853-1867.    War  Department. 

28.  Dr.  0£orge  Suckles,  U.  8.  A.    Washington  and  Oregon  Terrttoriee. 

1853-1856.    War  Department 

29.  Dr.  J.  0.  Cooper.    Washington  Territory,  California,  and  Nebraska. 

1853-1856.     War  Department. 

30.  Dr.  F.  V.  Harden.    Upper  MlssoorL    1869-1855. 

31.  Lieut.  D.  N.  Vouch,  U.  S.  A.    Northern  Mexico. 

32.  Dr.  L.  Berlandier.    Northern  Muico.    Collections  made  1826-1861 

and  purchased  by  Lientenant  Conch. 

33.  Capt.  T.  J.  Page,  U.  8.  N.    Paraguay,    Exploration  of  the  Parana. 

1853-1865.    Navy  Department 

34.  R.  D.  Cutts.    The  California  coast    United  States  CowJt  Sqrrey. 
36.  Pro/.  8.  F.  Saird.    Wisconsin,  Illinois,  and  Ohio. 

ISM. 

36.  A.  J.  VaugUn.    Upper  Miasoari.    1854^-1855. 

37.  Dr.  P.  R.ffo]f.    Wisooosio  and  Miasoqri- 

38.  Robert  KenniootU    Illinois,  MinnesotA,  ai|d  Wiupipf^,    1854^^1857. 

39.  CapL  p.  B.  Mareg,  U.  8.  A.    Bfuzoh  Biver. 

40.  Ueut.  W.  P.  Trowbridge,  U.  8.  A.    The  Paciflx)  ooa$t    185^-1865. 

United  Statu  Coast  Barvey. 
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II.  OuitavuB  Wib'dtmam.    Xexu,  Loniataua,  wid  Florida.    1854-1858. 

United  States  Coaat  Sairey. 
&.  Sm.  A.  C.  Barry.    WisooBgiii. 


13.  Prof.  S.  F.  Baird.    Coast  of  ^ew  Jersey. 

iLB.aamnek.  Oalifornia.   1855-1856.    Boston  Society  of  Vataral  His- 
tory »nd  the  Smitbaonian  loatitatioa. 


45.  Maj.  0.  S.  ThofMs,  U.  8.  A.    Vicioity  of  Fort  Yams. 
IS.  LieuteTumt  Bryan,  U.  8.  A.    Wagon-road  Borveyfrom  Fort  Biley  to 
Bridgei*B  Paas.    1856-1857.    War  Department. 

47.  Lieut.  G.  K.  Warreay  U.  8.  A.    On  the  Upper  Missonri  and  Yellow- 

stone.   War  Department. 

1897. 

48.  W.   M.  Magraw.    South   Pass   wagon-road.    1857-1858.    loterior 

Department. 

49.  Copt  T.  J.  Page,  U.  8.  IT.    La  Plata  Biver  and  tributaries.    Navy 

Departmeot. 

50.  Donaid  Qunn.    Bed  Biver  of  the  North  and  yelsonBiver.    Hudson's 

Bay  Territory. 
6L  John  Xantxu.    Fort  Bttey,  Kana.,  and  Fort  Tejon,  Oal.    1857-1858. 

52,  lAeut.  N.  MichUrj  XT.  8.  A.    Exploration  of  a  canal  route.    The  Isth- 

mus of  Darieu.    War  Department. 

53.  Col.  J.  E.  Johnston,  U.  8.  A.    Southern  bonndary  of  Kansas. 

SL  J.  B,  Leeeh.    £1  Paso  and  Fort  Ynma  wagon-road  roate.    Interior 
Department. 

55.  A.  Cam^elU   STorthwestem  bonndary  survey.  Western  end.  1857- 

1801.    State  Department. 

56.  lAeut.  O.  K.  Warren,  U.  8.  A.    The  Platte  Eiver  Valley.    War  De- 

partment. 

tsss. 

57.  Copt.  Thoi.  BlakisUm,  R.  A.    The  Saskatchewan. 

58.  Lieut.  J,  0,  Ivei,  U.  8.  A.    Navigation  of  the  Colorado  Biver.    War 

Department. 
M.  Br.  f.  v.  Eaydm  ami  Prof.  F.  B.  JV^-    K^Qsas. 
60.  Dr.  F.  V.  Bayden.    New  Jersey. 

IB39. 

tl.  Copt.  J.  S.  Simpton,  U.  8.  A.    Kansas,  Nefaraska,  and  Utah,    War 

Department. 
S2.  F.  W.  Lander.    Soatb  Pass  wagoo-road  route.    Intnior  D^>ait- 
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63.  lamt.  John  MttUan,  U.  S.  A.    Wagon-road  route  horn  Walla  Walla 

to  Fort  Benton.    Interior  Department 
61.  Capt,  W.  F.  Kaynoldt,  U.  S.  A.    Upper  Uissoori  and  Yellowstone. 

War  Departmeat. 

65.  Capt.  J.  N.  Macomb,  U.  8.  A.    San  Juan  and  Upper  Colorado.    War 

Department. 

66.  JohnZoiHtM.    Cape  Saint  Lucas,  Lower  California.    United  State* 

Coast  Survey. 

67.  John  Milner.    Fort  Crook,  California. 

68.  Robert  Kmnioott.    Britlsb  North  America  into  the  Arctic  Circle 

186*-1»61. 

69.  .7^.  W.  Tolman.    Illinoig. 

70.  Dr.  J.  B.  Bean.    Central  Florida. 

71.  Dr.  Suckley,  U.  8.  A.    Kansas,  Nebraska,  and  Utah. 

72.  William  Cooper.    Bahamas. 

73.  Dr.  n.  Bryant.    Bahamas. 

74.  Dr.  J.  O.  Cooper.    South  Florida. 

75.  Capt.  B.  0.  Wright,  V.  8.  A.    Tortogas. 

76.  Capt.  D.  P.  Woodbury,  U.  8.  A.    Tortugas. 

77.  Dr.  Whitehurst.    Tortugas. 

78.  Haint  Charleg  CoUege.    Louisiana. 

7d.  James  McLeannan.    Isthmus  of  Panama. 

80.  Tkeodore  OitL    West  Indies  and  Newfoacdland. 


81.  Dr.  J.  0.  Cooper.    To  Oregon  via  Fort  Benton.    War  Department 

82.  Capt  C.  P.  Stone,  U.  8.  A.    The  Gulf  of  California. 

83.  Dr.  0.  8.  Canfield.    Tbe  coast  of  California. 

84.  B.  B.  Bom.    Mackenzie's  River  district    Fort  Simpson,  Hudson's 

Bay  Territory.    1860-1861. 

85.  George  BamsUm.    North  sbore  of  Lake  Superior. 

86.  J.  Maekenzie.    Moose  factory,  Hadson's  Bay.    1860-1863. 

87.  C.  Drexler.    In  James  Bay,  Hudson's  Bay. 

88.  Elliott  Couea.    The  coast  of  Labrador. 

89.  William*  College  Lyceum  of  yatural  Hittory.    Greenland  and  Lab- 

rador. 

90.  Dr.  W.  8timpiion.    The  coast  of  North  Carolina. 

91.  Theodore  Gill.    Tbe  coast  of  North  Carolina. 

92.  Dr.  W.  W,  Anderson,    Cantonment  Bargwyn,  N.  Mez.,  and  on  the 

Pecos. 

93.  J.  S.  Clark.    The  Texas  boundary  survey.    Interior  Department 

94.  J.  W.  8wan,    Pnget  Sonnd.    1860-1877. 

95.  Dr.  J.  B.  Bolder.    Tortagas. 

96.  CharU*  Wright.    Cuba.    1860-1863. 

97.  J.  M.  Wooduiorik,    Minnesota. 

98.  Patrick  Duffy.    New  Mexico. 
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99.  W,  A,  Eenrjf.    Labrador  Eolipae  Expedition, 

100.  Lieut.  J.  D.  Kurtz,  U.  S.  A.    On  the  Atlantic  coast  of  the  United 

States. 

101.  F.  Otrmain.    Chili. 

102.  P.  8.  Dodd.    Sable  Island,  Nora  Scotia. 

103.  J.  B.  WUiit.    Nova  Scotia. 

104.  W.  0.  WMon.    Nova  Soolia. 

isai. 

105.  John  Xantut,   Gape  Saint  Looaa  and  the  Oolf  of  California.    United 

States  Coast  Snrvey. 

106.  Robert  Kamicott.   Hudson's  Bay  Territory ;  Port  Hesolution,  Peel's 

River,  and  Port  Takon. 

107.  Zaivrenee  Clark,jr.    Hudson's  Bay  Territory:  FortBaeand  Great 

Slave  Lake, 

1869. 

lOS.  John  Xantua.    Western  Mexico  in  the  vicinity  of  OoUma  and  Man- 
zanlllo.    1S62-1863.    State  Department 

18«S. 

109.  Senrjf  Connolly.     Hudson's  Bay  Territory:    BigoUet,  Labrador. 


110.  Hon.  O.  R.  Riotte,  United  Statei  minister.    Costa  Bioo. 

111.  J.  Oarmiol.    Costa  Bica. 

112.  Dr.  Charles  Sartoriut.    Eastern  Hezioo. 
m.  Pro/.  F.  SuMiehrast.    Orizaba,  Mexico. 

Hi.  Capt  John.  M.  Dow.    West  coast  of  Central  America, 
lis.  Son.  O.  R.  BuOeateui,  United  8UUe»  minister.    Eeuador. 

116.  Dr.  Elliott  Couesy  U.  B.  A.    Arizona. 

117.  Dr.  B.  Hits.    Upper  Missoori. 

118.  Capt.  Jokn  Feihier,  U.  ft.  A.    Upper  Missoori. 

t8«4. 

119.  Col.  A.  J.  Grayson.     Vicinity  of  Mazatlan,  incloding  the  Tres 

Marias  and  the  Bevillagigedo  Islands. 

120.  Dr.  Arthur  Sehott.    Yacatan,  nnder  the  anspices  of  the  goveminetit 

of  the  province. 

121.  Hon.  D.  K.  CartUr.    Bolivia. 

122.  W.  T.  Mardi.    Jamaica. 

123.  jr.  H.  Bishop.    Caba. 

124.  lAeutenant  Fitxgerald,  British  Arm]/.    New  Providenoe,  Bahamu. 

■  M«. 

125.  Gov.  WiUiam  McTavish.    Vicinity  of  Fort  Garry. 

126.  Robert  EennicotL    Alaska  and  British  Colambia. 
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127.  Ih:  ff.  Berendt.    British  Hondofakaod  At  Uteiior  of  Goatmili. 

128.  Robert  8wi/i.    S«int  Thotnae  and  Porto  Bico. 

129.  George  Latimer,    Porto  Bico. 

130.  Bev.  H.  B.  Tfi»tram.    Palestine. 


131.  C.  P.  GaudeU    HDdsoD's  Bay  Territerj^ :  Fort  Good  Hop*. 

132.  William  L.  Eardetts.    Hudsoo's  Ba;  Territory:  Fort  Simpaon. 

133.  Strachan  Jones.    Hndson's  Bay  Territoi? :  Yioinity  of  Fort  Bae. 

134.  Jamea  Loekhart    Hadaoa's  Bay  Territoiy :  Fort  Best^tion,  Fort 

Takon. 

135.  Jokn  Beid.     Hudson's  Bay  Territory :  Big  Island,  Great  Slave 

Lake. 

136.  Jamea  8ibbi$to%.    Hndaon'a  Bay  Territory :  Fort  Yukon. 

137.  Donald  Qunn.  West  of  Lake  Winnipeg. 

138.  Qeorge  A.  Smith.    HudsoA's  Bay  Territory  and  Labrador. 

139.  Sobert  MacFarlane.  Hndson's  Bay  Territory :  Vicinity  of  Fort  An- 

derson, Arctic  Coast.    1860-1868. 

140.  William  Brass,    Hudson's  Bay  Territory :  Fort  HalketL 

141.  Thomas  Flett.    Hndson's  Bap  ^I^rritory:  La  Pierre's  Honse. 

142.  C.  L.  Bulkley.    Bnsaian  America.    Western  Union  Telegraph  Com- 

pany. 

143.  William  ff.  Dall     Shores  of  Bohring  Struts.     Western  Union 

Telegntph  Oompany. 

144.  Ferdinand  Bitckoff.    Eodiak,  Sitka,  and  other  porfioas  of  Alaska. 

Western  Union  Telegraph  Oompany. 

145.  S.  M.  BannisUr.     Vicinity  of  Saint  AOtAad'a,  ITotton  Soond. 

Western  Union  Telegraph  Oompany. 

146.  Dr.  J.  T.  Bothrock.    British  Oolnmbia.    Western  Union  Telegraph 

Oompany. 

147.  Dr.  0.  A.  Canfield.    Monterey,  Oal. 

148.  Dr.  Edward  Palmtr.     Arizona. 

149.  Dr.  Wernicifc.    Colorado. 

150.  Dr.  H.  B.  Butcher.    Laredo,  Bio  Grande. 
161.  A.  E.  Yom^love.    Hayti. 

152.  Dr.  Henry  Bryant.    Porto  Bico  and  the  Bahamas. 

153.  Sewy  Hague.    Guatemala. 

154.  Dr.  Earl  Flint.    Nicaragua.    1866-1877. 

155.  Dr.  A.  Von  Frantfius  and  J.  0.  Zeledm.    Oosta  Bica. 

156.  J.  and  T.  Rhodes.    Panama. 

157.  Valdimir  Knudsen.     Sandwich  Islands. 

>58.  William  H.  Hudson.    Buenos  Ayres.    1866-1868. 

1S6T. 

159.  Hon.  A.  A.  Burton.    Oolnmbia. 

160.  Ferdinand  Bieokoff.    Vicinity  of 
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Ml.  Barnard  B.  Bou.    flndsoo'S  Bay  Territory :  Moose  Factory. 

162.  Pro/.  F.  V.  Httgim.     Geblogioal  Sttrvpy  at  IfelKaska.    United 

States  G«Derai  Land  OfHee. 

163.  Dr.  Thomas  T.  Minef.    Witiuebtigo  Beeervatfon. 

161  (%ir«w»  King.  Along  the  line  oF  the  fortieUi  parallel.    War  De- 
partment. 

165.  Dr.  A.  AKflt.    Bennoda. 

166.  Col.  A.  3.  Brayaon.    Berillagigede  Ildanda. 
W7.  Dr.  fmi  PatUn.    Gtiatemala. 

168.  Mr.  Rardemann.    San  Salvador. 

tS69. 

169.  Prof.  James  Orton.    Ecuador. 

170.  Mr.MeDovgaU   Hnd8oo'aBayTerritory,Mackenxio'sBlverdiBtrlct. 

171.  Qeorge  Davidson,    Alaska.    United  States  Cktast  Surrey. 

1T2.  Dr.  F.  V.  Hayden.   Black  Hills,  Laramie  Plaioa,  &a   General  Land 

Office. 
173.  J.  E.  Petereavs.    Tennesee  and  Ohio.    Ethnology. 
171.  Dr.  Edward  Palmer.    Indian  Teiritory. 

1S«9. 
ITSl  Capt.  0.  It.  Seammott.   Coast  o(  Oregon  and  Alaska.    United  States 

Berenae  Barean,  Treaanry  Department. 
1T6.  Dr.  F.  V,  Hayden,    Colorado  and  New  Mexico.    Interior  Depart- 

■Mit. 

177.  Li*ut.  F.  M.  Ring.    In  the  Tlcinity  of  Fort  Wtangel,  Alaska. 

Ethnology. 

178.  P.  Figgelmezy.    British  Gaiana.    SUte  Department 

18T*. 

179.  Prof.  8.  F.  Baird.   In  Marine  Zoology,  in  Vineyard  Sotind.    1870- 

1875.    United  States  Fish  Commission. 
189.  Dr,  F.  V.  Rogdeti,    Kocky  Moantalns.    Interior  Department. 


181.  Prof.  J.  W.  Powell.    Colorado.    Interior  Department. 
ISi  Dr.  F,  V.  Sayden.    Montana  and  headwaters  of  the  Yellowstone. 
Interior  Department. 

183.  Geo.  A.  Boardman.    Florida  and  Xew  Brunswick. 

184.  Dr.  S.  0.  Tarrow,  U.  8.  A.    Vicinity  of  Fort  Macon,  North  Caro- 

lina. 

185.  CopL  Ohas,  Bryant.    Pribylov  Islands,  Bebring  Sea. 

186.  StratAan Jones.   Hud80n'sBayTerritory,LowerSlaTeLakeBegioD. 

1879. 

18".  Prof.  S.  F.  Baird.    Marine  Zoology  in  the  Bay  of  Fundy.    United 
States  Fish  Commission. 
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188.  Dr.  A.  8.  Packard,jr.    George's  Banks,  &o.    United  States  Coaat 

Sarvey  and  United  States  Fish  Commission. 
1S9.  Henry  W.  EUtott.    Saint  Paul  of  the  Pribylov  or  Fur  Seal  Islands 

of  Behring  Sea.    Treasury  Department. 

190.  WUliam  H.  Dali.    Alaska  and  the  Aleutian  Islands.    1872-1871. 

United  States  Coast  Survey,  Treasury  Department. 

191.  Prof,  F.  V.  Haj/den.    Basin  of  tbe  Upper  Yellowstone  and  variona 

regions  of  the  Rocky  Mountains.    Interior  Department. 
193.  Lieut.  Geo.  M.  Wheeler^  U.  8.  A.    Sontb«m  Utah  and  Eastern 
Nevada.    War  Department. 

193.  Frvf.  J.  W.  Powell    Colorado  Eiver.    1872-1875.    Interior  Departs 

meat 

194,  F.  8arg.    Quatemata. 

105.  Prof.  Waiiant  M.  Qahb.    San  Domingo. 

196.  0.  Brown  Ooode.    Bermuda. 

ISVS. 

197.  Oapt.  C.  F.  BaU  and  Dr.  EmU  Se»»et».    In  the  Arctic  Seas,  on  tbe 

Polaris.    Navy  Department. 

198.  Henry  W.  Flliott.    Saint  George's  Island  of  the  Pribylov  Oroap. 

Treasury  Department. 
109.  Commodore  O.  E.  BeVmap,  United  Btatee  Steamer  Tuecarora.    North 
Pacific  Ocean.    Navy  Department 

200.  Archibald   Campbell  and  Dr.  Elliott   Couet.     Along  the  north 

western  boundary  survey,  in  Dakota.    State  Department. 

201.  Qen.  David  8.  Stanly  and  J.  A.  Allen.    Along  tbe  line  of  the  North- 

ern Pacific  Railroad.    War  Department. 

202.  Prof.  F.  V.  Hayden.    Colorado  and  New  Mexico.    Interior  Depart- 

ment. 

203.  Lieut.  Geo.  M.  Wheeler.    The  region  west  of  the  lOOtfa  meridian. 

War  Department. 

204.  Capt  Charles  Bendire,  U.  8.  A.    Arizona. 

205.  Livingston  Stone.    Upper  Sacramento  River.    United  States  Fish 

Commission. 

206.  Jamee  IF.  Milner.    The  Great  Lakes  and  tbe  Upper  Mississippi. 

United  States  Fisb  Commission. 

207.  Prof.  8.  F.  Baird.  Vicinity  of  Portland,  Me.    United  States  Fish 

Commission. 

208.  Vinal  N.  Edwards.    Vicinity  of  Wood's  Bote,  Massachusetts. 

United  States  Fish  Oommission. 

209.  Samuel  PoweU    In  Narraganset  Bay. 

210.  Prof.  William  M.  Oaib.    Costa  Rica.    Government  of  Costa  Rica. 

211.  Prof.  F.  Poey.    Cuba. 

18*4. 

212.  Ueut.  Geo.  M.  Wheeler.    Nebraska,  Utah,  Colorado.  New  Mexico, 

and  Arizona.    War  Department. 
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213.  Prof.  F.  T.  ffayden.    West  of  the  ooe  handred  aad  seventli  merid* 

ian,  in  Colorado.    Interior  Department. 
SU.  Prof.  J.  W.  Fotcetl.    Utah.    1874-1877.    Interior  Department. 

215.  Prof.  S.  F.  Baird.    Sontb  coast  of  ConnecticuL    United  States 

Fish  CommisBiOD. 

216.  Capt.  Nicholas  Pike.    The  Mauritius.    State  Department. 

217.  A.  B.  Steinberger,    The  Samoan  Islands.    State  Deptu'tment. 

218.  Lucien  M.  Turner.     Viciaity  of  Saint  Micbael's,  Norton  Sound. 

1874-1877.    United  States  Signal  Service,  War  Department. 

219.  Prof.  E.  E.  WebBter.    The  coast  of  Virginia. 

ISTS. 

220.  Prof.  8.  F.  Baird.    Vineyard  Sound  and  Bozzard'a  Bay.    United 

States  Fish  Commisston. 

23L  AUuka  Commerciat  Company,    The  coast  and  islands  of  Alaska. 

223.  Pttttt  SiAumaeher.  Oregon  and  the  mainland  and  islands  adjacent 
to  Santa  Barbara.  {Ethnology.)  1875-1876.  Feabody  Museum, 
Cambridge,  and  Indian  Bureau,  Interior  Department. 

223.  Bev.  Step!i«n  Botcera.    The  south  coast  of  California.    (Ethnology.) 

1875-1877.    Indian  Barean,  Interior  Department. 

224.  i7.  0,  8«>an.    British  Columbia:  Vaoconver's  Island,  &c.    Indian 

Borean,  Interior  Department. 

225.  Sttphen  Powers.    Nevada  and  California.     (Ethnology.)     Indian 

Bureau,  Interior  Department. 

226.  Dr.  J.  H.  Kidder,  U.  8.  JT.    Transit  of  Venns  Expedition ;  Kergne- 

len  Island  and  other  points.    Navy  Department 

227.  Dr.  E.  Kershngr,  U.  8.  If.    South  Pacific,  in  the  United  States 

steamer  Siratara.    Navy  Department. 

228.  Edicin  Smith.    Chatham  Islands.    United  States  GoastSurrey  and 

Kavy  Department. 

229.  Prof.  F.  V.  Bayden.    Colorado,  Northern  New  Mexico,  and  East- 

em  Utah.    Interior  Department. 

230.  Lieut.  Geo.  H.  Wheeler.    Colorado  and  Arizona,    War  Department. 

231.  Br.  Edward  Palmer.     Arizona  and  California.    Indian  Bureau, 

Interior  Department 

1§T6. 

232.  If.  A.  Mintxr.    Arctic  America,  north  of  Hudson's  Strait    Navy 

Department 
333.  Dr.  W.  W.  Bays.    San  Luis  Obispo.    (Ethnology.) 
234.  Dr.  J.  F.  Bran^ord.    Nicaragua.    1876-1877.    (Ethnology.)    Navy 

Department  and  Peabody  Mnsenm,  Cambridge. 

233.  Capt.  J.  0.  Baker.    Islands  south  of  California.    Treasury  Depart- 

ment 
^^.  Prof.  F.Y.  Bayden.   Western  Colorado  and  Eastern  Utah.  loteriwr 
Department 
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ISTT. 

237.  Prof.  F.  V.  Eayden.    Wyoming,  Idaho,  and  H'ortheni  Utah,    In. 

terior  Department. 

238.  E,  Tr.JTebon.    NortoD  Soand,  Alaeka.    United  States  Signal  Office 

and  Smithsonian  Institation. 
230.  Prof.  D.  S.  Jordan.    Freeh  waters  of  Soatheru  States. 
240.  Dr.  J.  F.  Bransford,  U.8.N'.    Nicaragna  and  Costa  Bica.    Medical 

Bnrean,  Navy  Department. 
211.  Bev.  SU^hea  Bowers,    lelanda  and  mainland  adjacent  to  Santa 

Barbara,  Oal.     Maj.  J.  W.  Powell,  Interior  Department  and 

Smithsonian  Institution. 

242.  Clark  Mills.    Indians  in  Florida.    Peabody  Mnseum,  Cambridge, 

and  Smithsonian  Institution. 

243.  F.  A.  Ober.    West  India  Islands:  Dominica,  Antigna,  Barbadoes, 

&c. 

244.  8.F.BairJ.  CoastofMassachasettso£F8alein,andof EastemliToTa 

Scotia.    United  States  Fish  Commission. 

245.  Livingston  Stone.    CJackamas  Biver,  Oregon.    United  States  Fifib 

Commission. 

246.  Capt.  J.  J.  Fuller.    Eergnelen  Island. 

247.  Maj.  A.  8.  Gaines  and  K.  M,  Cunningham.    Shell  moands  neoi 

Mobile,  Ala. 

248.  Q.  B.  Ooode.    Bermuda  and  sarronuding  waters.    Wesleysn  Uni- 

versity, Middletown,  Conn.,  and  SmitbsoDian  luBtitntioD. 

OLASSIPIOATION  OF    THE    ABOVE   MBNTIOBED  EXPLOBATIONS   UNDBK 
THE  DEPABTHBNT  BY  WBICH  CONDUOIBD. 

Smithsouiau  Institntioo :  carried  on  directly  by  or  ander  the  supervi- 
sion of  tbe  tustitatiou,  and  for  the  most  part  wholly  or  p.irtially  at  its 
expense :  87,  88, 90,  91,  94, 95,  96,  97,  98, 99, 102,  105, 106, 110,  111,  112, 
113, 116, 117, 118, 119, 123, 123, 127,  ^28, 129, 137, 138,  139, 140,  141,  U7, 
148, 150, 151, 153,  154, 155, 158, 160, 163, 165, 1C6, 167, 173, 174, 177, 185, 
196,  219,  233,  239,  243,  240. 

SmithsoDian  Institution  :  less  directly  noder  the  charge  of  the  loBti- 
tution,  and  not  at  its  expense,  bat  the  results  communicated  to  it:  82, 
83,  92, 100, 101, 103,  104, 114,  115,  121,  124, 128, 129, 130, 149, 152, 156, 
157, 159, 168, 178,  183, 184,  194, 195,  204,  209,  211,  247. 

Smithsonian  luatitutiou,  with  the  especial  aid  of  the  Hudson's  Bay 
Company :  84,  85,  86, 107, 109, 126, 131, 132, 133, 134, 135, 136, 161, 17^ 
186. 

Smithsonian  lostitatioo  and  United  States  Coast  Survey :  105, 171, 
188, 190,  228. 

Smithsonian  Institatiou  and  Western  Union  Telegraph  Company: 
126, 142, 143, 144, 145, 146. 

Smithsonian  Institation  and  Kentucky  University:  119. 
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Smithsooian  Institution  and  Boston  Ifatnial  History  Society :  44, 113. 

SmUhsoniaD  Institntion  and  Peabody  Masenm :  222,  234,  243. 

Smithsonian  Institntion  andWesleyaDUmverBity,MiddletovD,Conn : 
:i48. 

Smithsonian  tustitntioo  and  Williams  College,  Williamstowo,  Mass.: 
89, 169. 

Smithsonian  Institntion  and  Costa  Rican  Ooveroment :  210, 

Smithaonian  Institntion  and  Government  of  Yuc<itaD:  120, 

Smithsonian  lostitntion  and  State  Department:  108. 

State  Department:  200,  216,  217. 

Navy  Department :  197, 199,  226,  227,  228,  232,  234,  240. 

Treasnry  Department :  175, 189, 198,  235. 

Interior  Department:  93, 17C,  180,  182,  191,  193,  202,  213,  214,  229, 
236,237, 

Interior  Department,  Land  Office :  162, 172. 

Interior  Department,  IT.  8.  Geological  and  Geographical  Sarvey  of  the 
Territories,  Second  Division,  J.  W.  Powell  iu  charge :  241, 

Interior  Department,  Indian  Bureaa :  222,  223,  224,  225,  231, 

War  Department:  81,181,201. 

War  Department,  Engineer  Borean :  164, 192,  203,  212,  230. 

War  Department,  Signal  Office :  218,  238. 

United  States  Fish  Commission :  179, 1S7, 188, 206,  206,  207,  208,  215, 
220,  244,  245. 

Alaska  Commercial  Company :  221, 


ALPHABETICAL  INDEX  TO  NAMES  OF  INDIVIDUALS  MEN- 
TIONED  IN  THE  I'EECEDING  LIST. 


AlMka  Cominercial  CampBn;.. 

A11mi,J.A 

AllBn,M 

i,W.W 


B*ird,  S.  F.35, 42, 170, 187, 807, 315,  *;0, 944 

Baker,  J.  G 235 

BuDiBter,  H.  M 14S 

BinutoHiOeo 6S 

Batty,  A.  C 42 


Bcckirlth,  Capt.. 
Belknap,  O.E.... 

Bendire,C . 

Beirndt,  H 

Berlandier,  L-... 


BiKboff.F 144,160 


CnnentNi 

Bishop,  N.  H IS 

Boaidmaa,  O.  A It 

Bowers,  S 823,^ 

Branaford,  J.  F 234,24 

Bw»»,W U 

BryaD,  J.  T 4 

Bryant,  C IE 

Bryant,  H 73, 1{ 

Baokalew,  C.  B II 

Bnckley,  C.  L 14 

Barton,  A.  A K 

Batcher,  U.B 1£ 


Campbell,  A  ... 
Canfield,  C.  A.. 
Canfield,  C.  S... 

Caniiol,  J 

Carttw,  D.  E... 
Clark,  J.  H.... 
aarke,L 


# 
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ConnolIr,H 109 

Cooper,  J.  G 29,74,81 

Cooper,  William 72 

Conch,  D.N 31 

Cones,  B 80,116,200 

CulbertaoD,  T 10 

CaDDiDghaiii,  K.  M «47 

Cntto,R.D 34 

D. 

D»U,  W.  H 143,190 

Davidson,  O ITl 

DMiisoD,  Chas 3 

Devereaai,  J.  H 173 

Dodd,P.  8 102 

Dow,J.  M 114 

Drexler,  C B7 

Duffy,  P 98 

K 

Edwwli,T.N 808 

Elliott,  H.W 189,198 

Emory,  W,  H 11 

Evans,  J 6 

F. 

Feilner,  J 67,118 

Figyelmezy,  P 178 

FitZKerald,  Lieut 124 

Flett,  T 141 

Flint,  E 154 

Foater,  J.  W 8 

Frontiiiu,  A.  Ton IK 

FDller,J.  J 246 

O. 

Oabb,  Win.  H 1S&,210 

OaiiiM,A.S 347 

QandetiCP 131 

OflmaiD,  F Ill 

Gin,T 80,91 

OilllB^  J.M 14 

Goode,G.B 196,918 

Orabam,  J.  D 11 

OTayMn,A.  J 119,166 

OnoD,  D 50,137 

OnnnisoD,  Capt 21 

Qarley,  Bev.  Dr 2 

H. 

Hogne,  H 153 

Hall,  C.  F 197 

Hardemaon 168 

Hnrdesty,  W.  L 133 


Currant  M& 

Haydeo,  F.  V.. 30,59,60,16^,173,176,180, 
132, 191, 202, 213,  !29, 236,  S37 

Hays,  W.  W 233 

Henry,  W.  A 99 

Herndon,  W.  L 15 

Hitz,R 117 

Holder,  J.  B 95 

Hoy,  P.  R 37 

Hudson,  W.H 158 

I. 

IveB,  J.C 58 

J. 

Jackson,  C.  T 7 

Johniton,  J.E 53 

Jonog,  8 133, 18C 

Jordan,  D.  B »39 

K. 

Kane,E.K 17 

Kenmoott,R 38,66,1% 

Eenhner,Dr 227 

Kidder,J.  H S26 

King.C 164 

Enadien,  V 167 

Knrtz,  J,  D 100 

L. 

Lander,  F.  W G2 

Latimer,  Oeo 139 

Leech,  J.  B 54 

Lookhart,J 134 

M. 

BTCleUan,  Geo.  B 16 

MocDongal 170 

UacFarlane,B 139 

ITEeneiD,  J 86 

H'Leon  nan,  James 79 

Macomb,  J.N 66 

M«jtoTtah,W 125 

MogrBw,W.M 48 

M8rey,R.B 16,39 

MBr8b,W.  T 123 

MicWer,  N S8 

Mills,  C «2 

Milner,  J.  W 306 

Miner,  T.  T 16S 

Mint»r,W.A 232 

Mnnan,J 63 

N. 
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Ober,  P.A 243 

Orbm,  J 1C9 

Oireu,  S.  D 4 

P. 

Packard,  A.  S 188 

P»({8,T.  J 33,49 

Pilmw,  E 148,174,231 

PMke,  J,  O 23 

Petry.M.  C 20 

Fike,  N 216 

Poey.F 211 

Pope,  J 24,27 

Powell,  8 209 

Powell,  J.  W 181,193 

Powers,  8 2!© 

B. 

RajDolda,  W.  F 64 

Held,  J 135 

Hhodei,J.  T 156 

Ring,  P.  M 177 

Rl[i2gold,C la 

RloHe,C.B 110 

Bodgers,  John 18 

SoN,B.  B 84,161 

Rothrock,  J.T 116 

a 

SLChnriM  Collega 78 

SamiwU,  E  44 

S^,  F..  194 

Sartoiioa,  C  113 

BcamiDop,  C  H  176 

Schott,  A  120 

SdnunaoUr  P  222 

SibbMtoU;  J  136 

SimpwD,  J  II  61 

BilgTMVM   L  6,12 

Smith,  E  228 

Smith,  G.  A  136 

SUDley.B  6  901 

Stuubni]    U  13 

Steintwigrr  A.  B  217 

Stcrau,  I    I  19 


CnmntXa 

8timp«on,  W 9,90 

8tone,  C.P 83 

8tono,  L Sor>,2J5 

Saolley,  Goo 28,71 

Samichnut,F 113 

Swan,  J.  G 94,224 

Swift,  B 128 

T. 

Thoinaa,G.  H 4S 

Tolmao,  J.  W 69 

TriatraiD,H.  B 130 

Trowbridge,  W.P 40 

TonieTtL.  M 213 

V. 

Vm  Putten,  Dr 167 

Vangban,  A.  J 36 

W. 

Wacren.G.  K 47,60 

Webster,  H.  E 319 

Weraiek,Dr 149 

Whooler,  O.  U 192,203,812,230 

Whipple,  Capt 22 

Wbltebnrat 77 

Whitney,  J.  D 8 

Wilkes,  CbM 1 

WilUaniB  CoUege 89 

Williwnwn,  B.  L 20,25 

Willis,  J.  R 103 

Wiotoo,  W.  G 104 

Woodbury,  D.  P 76 

Woodnff,  J.  C 5 

Woodworth,  J.  H 07 

Wright,  C 96 

Wright,  H.  0 75 

Wi)rdeiiuuin,0 - 41 

X. 
Santos,  J 51,66,108 

T. 

Yarrow,  H.  C 184 

YomigloTe,  A.  E 131 

Z. 

Zeledon,  J 155 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE. 


The  Execative  Committee  of  the  Board  of  Hegeuta  of  the  SmithBonian 
lostitation  respectfully  submit  the  followiog  report  in  relation  to  tbe 
funds  of  the  Institation,  the  appropriations  b;  Oongresa  for  the  support 
of  the  National  Museum,  tbe  receipts  and  expenditures  for  both  the 
Institntion  and  tbe  Moseam  for  the  year  1877,  and  the  estimates  for  the 
year  1878. 

Statement  of  the  condition  of  lAe  funda  at  the  beginning  of  the  year  I8T& 

Tbe  atnoQDt  originall;  received  as  the  bequest  of  James 
Smithson,  of  England,  deposited  in  tbe  Treasury  of  the 
United  States,  in  accordance  with  the  act  of  Congress  of 
August  10,1846 t515,169  00 

Ilesiduary  legacy  of  Smithson,  received  in  1865,  deposited 
in  the  Treasury  of  the  United  States,  in  accordance  with 
theactof  Congress  of  Februarys,  1867 26,210  fi3 

Total  bequest  of  Smithson $S41,379  63 

Amount  deposited  in  the  Treasury  of  tbe  United  States  as 
authorized  by  act  of  Congress,  February  8, 1867,  derived 
from  savings  of  income  and  Increase  in  value  of  invest- 
ments      103,620  37 

Amount  of  tbe  bequest  of  Jamea  Hamilton,  of  Carlisle,  Pa., 

February  24,1874 1,000  00 

Total  permanent  Smithson  fund  in  the  United  States 
Treasnry,  bearing  interest  at  6  per  cent,  payable         * 

semi-annually  in  gold $651,000  00 

In  addition  to  the  above,  there  remains  of  the  extra  fund, 
from  savings,  &c.,  in  Virginia  bonds  and  certificates,  viz: 

Consolidated  bonds $68,700  00 

Deferred  certificates 29, 375  07  ' 

Fractional  certificate £0  13 

Total 88,125  20 

Valued  January,  1878,  at...  34,562  00 

Also,  the  cash  balance  deposited  in  tbe  United  States 

Treasury,  at  the  beginning  of  the  year  1878 25, 083  90 

Total  Smithson  funds,  January  6, 1878 $710, 646  90 
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RECEIPTS  m  1877. 

Interest  on  $060,000,  for  the  year  1S77,  at  6  per  cent.,  gnM . .    $39, 000  00 
Preminm  on  gold  iatereBt: 

June  30,1877,-2)  5,V $1,035  94 

January  C,  1878,  "S)  2|J 624  OC 

1,600  00 

Le&B  broker'^  commission 48  74 

, 1,511  26 

Interest  od  Virginia  bonds : 

Sale  of  conpoDS  by  Biggs  &  Co.,  for  January  1  and 
Joly  1, 1877,  for  $3,522,  November  26, 1877,  ©  82- 

825 2,885  76 

Interest  on  Ilamilton  fond  of  $1,000: 

Forthe  year  1877 $C0  00 

Premiam  on  gold,  less  brokerage 2  32 

G3  32 

Bepaymeot  by  Kational  Mtiseam ; 

For  advaaces  mode  by  Smithsonian  InstitntioD  in 

187d-'T0,  for  Interoational  Exhibition,  &c 6, 548  28 

Total  receipts  for  the  year  1877 $49, 007  63 

EXPEHDITUBES  IN  1877. 

Building,  fnrnitnre  and  fixtures $4,030  60 

General  expenses 10,052  64 

pQblications,  researches  and  explorations 12,946  81 

International  literary  and  scientific  exchanges.    0, 790  73 

Galleiyof  art 1,710  83 

HatJonal  Mnsenm 421  23 

.      44,952  90 


Balance  auexpended  of  the  income  for  1877 4,064  72 

Balance  at  the  beginning  of  the  year  1877 21, 029  13 

Cash  balance,  Jannary  6, 1878 $25,083  90 
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HAmLTON  BBQUXST. 

Beceived  from  James  Hamilton,  Febniary  24, 1874,  and 
deposited  in  the  (Tnited  States  Treasor? $1,000  M 

Interest  received  from  Febroary  24, 1874  to  December  31, 

1876 183  83 

Interest  received  fh>m  Janaary  1  to  J  une 
30,1877 «30  00 

Premium,  6^ 1  59 

31  59 
Less  commisfiion 04 

$31  55 

Interest  received  from  Jnly  1  to  Decem- 
ber 31, 1877 30  00 

Premium,  2^^ 81 

30  81 
Less  commission 04 

30  77 


Total  income  received  to  December  31, 1877 24C  17 

Appropriated  in  187C,  for  exploration  of  cave  near  Oar- 
liBle,  Pa 150  00 

Balance  on  hand  Janaary  1, 1878 90  17 

Statemeat  of  expenditures  in  1877,  tn  detail. 

BuuDina. 

Bepairs  and  improvements (2, 325  46 

Fire-prooflng  apartments  for  eollectiona 1, 343  34 

Farnitareand  flxtnres 361  86 

$4,030  66 

amtERAL,  EXPENSES. 

Meetings  of  the  board $197  50 

Ligbting 238  09 

Heating 1,029  10 

Postage 162  81 

Stationery 286  16 

Incidentals,  ice,  insaraoce,  &o 560  60 

Salaries 11,780  00 

Labor  and  extra  clerk  hire 1, 382  11 

Books  and  periodicals 416  77 

$16,052  64 
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FUBUOATIONS,  I 

SmithsODiaD  Contribatloos $6,412  4S 

MiwellaoeoaB  colleotioDS 2,205  81 

Annnal  report 901  09 

Meteorology  and  researches 085  43 

Apparatua 1,406  14 

Laboratory 63  38 

Explorations 879  GO 

12, 940  81 

Idterary  and  scientific  international  excbanges 9,790  73 

CWleryofart 1,710  83 

Mnseiun 421  23 

Total »44,952  90 


The  InstitatioD,  as  heretofore,  has  made  temporary  odvaaceB  daring 
the  year  for  the  payment  of  freight  on  goTernment  collections,  &c.,  the 
repayment  of  whidi,  together  with  the  amoant  received  from  sales  ot 
publications  of  the  lostitation,  have  been  deducted  from  the  several 
items  of  expenditare  for  the  year,  as  follows,  viz : 

From  exchanges,  repayments  for  freight $459  66 

From  postage,  repayments 7  43 

From  pablioatioDB,  sales 481  30 

From  National  Museam,  repayments 437  34 

From  electrotypes  of  vood-cuts 87  60 

Total $1,446  21 

EBTItfATBS. 

Hie  following  ore  the  estimates  of  receipts  and  appropriatioDS  for  the 
year  1878: 

Estima^  receipts. 

Interest  on  the  permanent  flind  receivable  Jnly  1, 1878,  and 

Jannary  1, 1879,ingold $39,000  00 

Interest  on  the  Hamilton  fdnd  fbr  the  year  1878,  In  gold..  60  00 

Probable  premium  on  gold,  2  per  cent 781  20 

Sale  of  Virginia  coapons  dae  Jannaiy  1, 1878,  and  Joly  1, 

1878  2,600  00 

$42,341  20 
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Provmonal  appropriationt. 

For  bailding $2,000  00 

For  general  expenses 15, 000  00 

For  publications  and  researches    15,000  OO 

For  excbangea 9, 000  00 

For  books  and  apparatas 1 ,  000  00 

For  contingencies 341  20 

•42, 341  SO 
NATIONAL  UU8BUM. 

Tlie  government  collections  of  specimens  of  natural  history,  ethnology 
geology,  &c.,  contioae  in  charge  of  the  Smithsonian  Institution,  and 
Oongiess  has  made  the  necessary  appropriations  for  their  care  and 
preservation,  and  for  defnijing  the  expense  of  packing,  moving,  and 
storing  the  articles  received  at  the  close  of  the  iDternationol  Ezbibltion 
in  Philadelphia.  The  advances  made  by  the  Institation  in  previous 
years  for  the  construction  of  a  laboratory  of  natural  history,  required 
for  the  preparation  of  new  specimens  for  the  Centennial,  have  also  been 
refunded. 

The  following  is  a  statement  of  the  National  Museum  appropriations 
for  1877  and  1S78,  and  the  balances  at  the  beginning  of  the  year  187S: 

The  appropriation  by  Oongress  for  the  care  and  preservation  of  the 
collections  for  the  fiscal  year  ending  June  30, 1877,  was  $10,000.  Of 
this  amount  $5,090.86  were  expended  Dp  to  December  31, 1876,  and  the 
balance  of  $4,909.14  has  been  expended  dunng  the  six  months  ending 
June  30, 1877. 

For  repairing  and  fitting  up  the  "  Armory  Building,"  and  storing  the 
specimens  received  from  the  lotematioDal  Exhibition,  an  appropria- 
tion was  made  by  Congress  of  $4,600,  of  which  $3,916.23  were  expended 
in  the  six  months  ending  December  31, 187G,  and  the  balance  of  $583.77 
has  been  expended  during  the  first  ^x  mouths  of  1377. 

APPGOFBUTIOnS  BT  OONaBESS  FOB  NATIONAL  ICUSEUH  IN  1877. 

Preaervation  of  eollectiong,  Smitktonian  Inttitution,  1878, 

*'  For  preservation  and  careof  the  collections  of  the  National 
Museum" $18,000  00 

"  For  expenses  of  making  up  into  sets  for  distribution  to  col- 
leges and  academies,  the  duplicate  ores,  minerals,  and 
objects  of  natural  history  now  belonging  to  the  United 
States,  or  in  the  collections  of  the  International  Exposi- 
tion presented  to  it  by  foreign  governments."  Act  March 
3, 1877.    (Digest  of  Appropriations,  1878,  page  86.) 5, 000  00 


$23,000  00 
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Prtiervation  o/eoUeetion»,  Smithtonian  Ttutitution,  Armory  Buil4ing,l&78. 

"  For  fitting  op  tlie  Armory  BnildiDg  for  storage  of  arUcles 
belonging  to  the  United  States,  inclodiDg  those  trans- 
ferred irom  the  International  Eihibition,  and  expense  of 
watching  the  same" $2,500  00 

Jfational  Muteurn,  Smithsonian  iMtituUon. 
''For  the  UTational  Mnsenm  in  charge  of  the  Smithsonian 
luBtitatioD,  for  restoring  to  their  proper  place  in  the 
National  Maseam  cases  removed  to  the  International 
Exhibition,  and  rearranging  the  collections,  and  for  ez< 
pensea  and  preservation  of  the  collections,  and  for  receiv- 
ing) packing,  and  transporting  the  objects  presented  to 
the  United  States  at  the  Centennial  by  State  and  foreign 
governments,  and  for  properly  storing  and  preserving 
them  nntil  a  proper  disposition  can  be  made  of  the  same." 
Act  March  3, 1877.  (Digest  of  Appropriations,  1878,  page 
86.) J25,000  00 

The  total  receipts  of  the  Mnsenm  for  the  year  1877  have  therefore 
been — 
Preservation  account,  for  fiscal  year  ending  Jone  30, 1877 

(balance) $4, 909  14 

Armory  occoant,  for  fiscal  year  ending  Jane  30, 1877  (bal- 
ance)  , 683  77 

Preservation  acconot,  for  fiscal  year  ending  Jane  30, 1878.      23, 000  00 

Armory  aooonnt,  for  fiscal  year  ending  June  30, 1878 2, 500  00 

Kational  Mnsenm  (retnrn  of  Centennial  collections,  &c.)i 
for  fiscal  year  ending  June  30, 1878 25,000  00 

955,092  91 
Expended  during  six  months  ending  June  30, 1877 : 

Preservation ...  #4,909  14 

Armory 683  77 

$5,492  91 

fiipended  during  six  months  ending  Decem- 
ber 31, 1877: 

"Preservation" $11,076  79 

"Armory" 1,011  75 

^'National  Mnsenm" 22,959  10 

$41, 140  65 

Balance  Janaary  8, 1878,  to  the  credit  of  the  Mnsenm,  to 
defray  expenses  of  the  collections  for  the  six  months  end- 
ing June  30, 1878  ... .  $14,862  36 
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All  the  paymente  od  accoant  of  the  ^atiooal  Moaeam  have  been  made 
directly  bj  the  dUbarsiDg-offlcer  of  the  Department  of  the  Interior,  on 
ttie  preseutation  of  voachera  approved  by  the  Secretary  of  the  Smith- 
Boniao  Inatitatioti. 

BCMMAET. 

The  Executive  Committee  bavo  examined  six  hundred  and  Beventy- 
sis  vouchers  for  payments  made  from  the  Smithaou  income  during  the 
year  1877,  and  six  hundred  and  eight  vouchers  for  payments  made  from 
appropriations  by  Congress  for  the  National  Maseam,  making  a  total  of 
1,284  vouchers.  All  of  these  vouchers  have  the  approval  of  the  Secre- 
tary of  the  lostitution  and  the  certificate  that  tbe  materials  and  ser- 
vices charged  were  applied  to  the  purposes  of  the  Institution. 

The  Committee  have  also  examined  the  acconnt-books  of  tbe  National 
Maseam,  and  find  the  balance,  as  before  stated,  of  (14,853.36  to  corre- 
spond with  thecertifioateeof  the  disborsing-officer  of  the  Department  of 
the  Interior. 

The  quarterly  accoaots-carrent,  bank-book,  checkbook,  and  Jonmal 
have  alt  been  examined  and  found  to  be  correct,  and  to  show  a  balance 
to  the  credit  of  the  Institution  on  the  6th  of  January,  1S78,  in  charge 
of  the  Treasurer  of  the  United  States  of  $25,083.90,  to  be  appropriated 
to  tbe  carreot  operations  of  the  lostitution. 

Bespectfnlly  submitted. 

PBTEB  FABKBB, 
JOHN  MACLEAN, 
GEO.  BANOBOPT, 
Executive  Committee  of  the  SmithMnian  Institution, 

WashIKGTON,  Januari/  22, 1878. 
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JOURNAL  OF  PROCEEDINGS  OP  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


Washikgton,  D.  C,  January  16, 1878. 
Id  accordance  witb  a  resolutioD  of  the  Board  of  Begeotaof  the  Smith- 
soDian  lostitDtioD  fixing  the  time  of  the  beginaiog  of  the  annoal  seasioD 
OQ  the  third  Wednesday  of  Jaaaar;  in  each  year,  the  Board  met  this 
day,  bat  a  qnornm  not  being  preseat  it  ndjonroed  to  meet  oa  Wednesday, 
January  23,  at  7  o'clock  p.  m. 

Washimoton,  D.  C,  January  23, 1878. 

A  meeting  of  the  Board  of  Kegenta  of  the  Smithsonian  Inatitntioa  was 
held  this  day  at  7  o'clock  p.  m^  in  the  office  of  the  Secretary. 

Present,  Chief-Justice  Waite,  Chancellor  of  tbe  Institation ;  Hon.  Wil- 
liam A.  Wheeler,  Vice- President  of  the  United  States ;  Hon.  B.  E.  Withers, 
Hod.  Hiester  Clymer,  Hon.  James  A.  Garfield,  Bev.  Dr.  John  Maclean, 
Prof.  Aaa  Gray,  Prof.  Henry  Copp^e,  Hon.  Peter  Parker,  and  tbe  Secre- 
tary. 

The  minates  of  the  last  meeting  were  read  and  approved. 

Excaaea  for  non-attendance  were  received  from  Meaars  Hamlin,  Sar- 
gent, Bancroft,  and  Stephens- 

Tbe  Secretary  stated  that  on  the  Ist  of  Koveniber,  1877,  tlie  Vice- 
Preaident  appointed  Hon.  B.  £.  Withers,  of  VtrgiDia,  us  a  member  of 
the  Board  of  Begeots,  in  place  of  Hon.  J.  W.  Stevenson,  of  Kentncky, 
vhoae  term  ol  service  aa  Senator  bad  expired.  He  also  stat&d  that  the 
Speaker  of  tbe  Hoose  of  Bepreaentatlves,  on  the  lith  Janoary,  1878, 
had  appointed  the  following  Begenta :  Hon.  Hiester  Clymer,  of  Pennayl- 
ania ;  Hon.  Alexander  H.  Stephens,  of  Georgia ;  Hon.  Jamea  A.  Garfield, 
of  Ohio>  He  also  laid  before  tbe  Board  a  letter  from  Prof.  James  D. 
Dana,  resigning  hia  membership  in  the  Board,  on  occoont  of  continaed 
ill  health,  and  stated  that  a  joint  resolution  bad  jaat  passed  both  honses 
of  Congress  Meeting  President  Koah  Porter,  of  Yale  College,  Conoeo- 
tioat,  to  an  the  vacuicy. 

Professor  Henry  presented  a  generul  exhibit  of  tbe  condition  of  the 
Smithson  fnnd  and  a  detailed  statement  of  tbe  receipts  and  expenditures 
foi  the  year  1877.  He  stated  that  to  save  time  these  statements  nod 
all  tbe  accounts  of  the  Institntion  had  been  referred  by  him  to  tbe 
Executive  Committee. 

The  snbject  of  the  Virginia  bonds  held  by  the  Institntion  and  the 
propriety  of  disposing  of  them  was  considered,  the  Secretary  having 
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called  attention  to  tbe  fact  that  tbetr  present  value  was  abont  (7,000  leaa 
than  at  the  last  meeting  of  the  Board. 

Mr.  Withers  was  of  the  opiaioo  that  tbe  temporary  depression  was 
dao  to  fears  of  improper  legislation  by  the  State,  and  be  conid  not  pre- 
dict what  conrse  woald  be  parsaed,  bat  be  believed  it  injodicions  for  tlie 
Institatioa  to  port  with  these  fands  at  present. 

The  Chancellor  and  the  other  Begents  concurred  in  this  opinion. 

Dr.  Parker,  from  the  Ezecative  Committee,  presented  tbe  following 
report  relative  to  the  portrait  of  tbe  Secretary,  ordered  by  the  Board  at 
its  last  annnal  session : 

EEPOET. 

TheExecnUveCommittee,wbicbwereaatborizedand  requested  to  have 
a  life-size  portrait  of  the  Secretary  of  the  Institution  painted  by  some 
competent  artist,  report  that  after  a  full  inquiry  for  the  best  artist,  the 
chairman  of  tbe  committee  visiting  £few  York  solely  for  the  purpose, 
consnlting  men  acquainted  with,  and  judges  of,  the  artists  of  the  city,  and 
visiting  the  studios  of  some  of  the  most  distinguished  portrait-paintets 
and  examining  their  works,  their  choice  was  between  Daniel  Huntington 
and  Thomas  LeClear,  esqs. 

Mr.  Hantington,  who  bad  painted  Professor  Henry  when  a  younger 
man,  would  have  been  happy  to  paint  him  again  in  the  maturity  of  bis 
years,  but  his  health  was  delicate  and  he  was  averse  to  leaving  home. 
Mr,  LeClear  could  come  to  Washington  and  paint  tbe  portrait  at  once. 
The  prices  were  essentially  the  same  with  both  artists. 

Mr.  LeClear  was  decided  npon,  and  he  agreed  '*  to  paint  a  three-quarter 
length  life-size,  tbe  canvas  to  be  three  feet  by  two  feet  nine  inches,  head 
and  two  hands,  for  (1,500,  the  same  to  be  painted  in  the  best  style  pos- 
sible to  him." 

Mr.  Huntington,  on  learning  tbe  decision  of  the  Execntive  Committee, 
wrote :  "  I  congratulate  you  on  your  choice  of  my  esteemed  friend,  Mr. 
Thomas  LeClear,  to  paint  tbe  portrait,  which  will  insure  you  a  work  of 
rare  artistic  merit." 

The  committee  have  now  the  pleasure  of  presenting  tbe  Board  of  Be- 
gents the  portrait  of  Professor  Henry,  the  result  of  their  endeavor  to 
discharge  the  delicate  daty  devolved  npon  them. 

PETER  PARKER, 
GEO.  BANCROFT, 
JOHN  MACLEAN, 
Executive  Committee. 

JAHUABT  22, 1878. 

On  motion  of  Mr.  Withers,  the  report  of  the  committee  was  received 
and  ordered  to  lie  npon  the  table  for  tbe  present. 

Dr.  PMrker  presented  the  annnal  report  of  tbe  Executive  Committee, 
signed  by  himself  Dr.  Maclean,  and  Mr.  Bancroft,  relative  to  the  re- 
ceipts, expenditures,  estimates,  &o. 
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Oa  motion  of  Professor  Gopp^  the  report  vas  adopted. 

The  Secretary  stated  that  the  "  Memorial  of  the  Board  of  Begeota," 
relative  to  the  new  bailding  for  the  National  Maseam,  had  been  presented 
to  CoDgress,  and  that  a  bill  la  accordance  with  it  had  passed  the  Senate, 
vithoat  objection,  bat  it  had  been  presented  so  late  in  the  session  that 
favorable  action  conld  not  be  obtained  in  the  House  of  Bepresentatives. 
A  renewed  effort  would  be  made  this  session  to  accomplish  the  desired 
object.  Several  of  the  Begents  expressed  the  opiniou  that  the  bill  woald 
be  passed  at  an  early  day. 

The  Secretary  presented  to  the  Board  a  miniatare  likeness  of  James 
Smitbson,  founder  of  the  laatitation,  and  also  one  of  Col.  Henry  Dick- 
ioson,  bis  balf  brother,  which  had  been  purchased  from  Mons.  dela  Batut, 
of  Belz,  France,  a  half  brother  of  the  uepbew  of  Smithson,  who  parted 
with  them  on  account  of  pecuniary  need  and  hia  desire  that  the  Insti- 
tution shonld  possess  them,  Mr.  de  la  Batat  bad  also  preseated  to  the 
Institution  a  number  of  notes  addressed  to  Smitbson  by  Oersted,  Arago, 
Biot,  Tenoant,  Klaproth,  and  other  distinguished  scieotifie  men  of  bis 
time,  showing  his  intimate  association  with  them ;  also  a  draught,  in 
SmiUison's  handwriting,  of  his  will,  differing  in  one  very  slight  particular 
from  the  will  as  presented  to  the  United  States  by  the  English  Court. 

Professor  Henry  gave  an  account  of  what  bad  been  received  of  the 
personal  effects  of  Smitbson,  and  stated  that  nearly  all  these  had  been 
destroyed  in  the  fire  at  the  Institntion  in  1865.  He  advised  the  repub* 
lication,  in  a  suitable  form,  of  all  the  scientific  papers  of  Smitbson. 

On  motion  of  Dr.  Maclean  it  was — 

Baolvedy  That  the  Secretary  bo  requested  to  have  a  memoir  of  James 
Smithson  prepared  and  published,  to  include  all  his  scientific  papers 
now  accessible. 

On  motion  of  Dr.  Oopp^  it  was — 

Resolved,  That  the  Secretary  prepare  and  pablisb  a  history  of  the 
origin  and  progress  of  the  Institntion. 

On  motion  of  Dr.  Oopp^e  the  Board  adjonmed  to  meet  on  Saturday, 
26th  instant,  at  7  o'clock  p.  m. 

JANUARY  20,  187S. 

A  meeting  of  the  Board  of  Begents  was  held  this  day  at  7  p.  m.,  in 
the  office  of  the  Secretary- 
Present,  Chief- Jnstice  Waite,  Chancellor ;  Hon.  B.  E.  Withers,  Hon. 
James  A.  Garfield,  Hon.  George  Bancroft,  Hon  Peter  Parker,  Dr.  Asa 
Gray,  Dr.  Henry  Copp6e,  and  Professor  Henry,  Secretary. 

Excnses  for  non-attendance  were  received  from  Messrs.  'Wheeler,  Ham- 
lin, Sargent,  Stephens,  Clymer,  Maclean,  and  Porter. 

The  minutes  of  the  lost  meeting  were  read  and  approved. 

Professor  Henry  presented  his  annual  report  of  the  operations  of  the 
loBtitntioa  for  the  year  1877,  which  was  read  in  fall. 

On  motion  of  Hod.  James  A.  Garfield  the  report  was  accepted,  and 
the  Secretary  directed  to  transmit  it  to  Congress. 
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The  report  of  the  Execntive  Committee,  relative  to  the  portrait  of  tbe 
Secretary,  laid  over  at  last  meeting,  was  considered. 

On  motion  of  Dr.  Gray  it  was — 

Beaolved,  That  tbe  Begents  accept  from  the  Execntive  Committee  the 
portrait  of  tbe  Secretary,  procured  in  fulfillment  of  tbe  resolatioa  of  tbe 
Board  of  Febrnary  5, 1877,  and  present  their  thanks  to  the  committee 
for  the  satisfactory  manner  in  which  this  duty  has  been  occompliohed. 

Tbe  Board  then  adjoarucd  to  meet  at  the  call  of  tbe  Secretary. 
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COLOR-BLINDNESS  IN  ITS  RELATION  TO  ACCIDENTS  BY  RAIL 
AND  SEA. 


St  p.  ] 

Pro/«*wr  of  PkytioUtfft  ol  the  Utintrttty  of  Vp*ai. 
[Tmulated  foe  the  SmltbsoDiui  lostltntion  by  U>  L.  DanOAo.]* 


IHTEODUCTION. 

In  aevuftl  preceding  memoirs  I  bare  treated  the  enbject  of  oolor-blind- 
DWB  from  the  theoretical  eide  of  thia  siogalar  pheoomeuon.  But  it  has, 
likewise,  a  practical  side  of  vast  importance;  for  not  only  does  this  de- 
fect of  vision  every  day  gtve  rise  to  inoonTeniences  In  the  Tarions  depart- 
meDts  of  the  scienceo,  aria,  and  indnstries,  bet  it  is  also  the  canse  of  most 
dissstroas  accidents  by  rail  and  by  sea.  Pnblio  attention  has  been 
attraoted  to  this  side  <rf  the  qnestion  by  scientific  works  or  by  accidents^ 
and  to  jadge  from  certfun  facts  reported  in  books  and  newspapers,  there 
sow  seems  to  prevail  a  more  general  coDvictioD  of  the  necessity  of  making 
the  sense  of  color  amongst  seamen  and  railway  employ^  an  object  of 
official  scrutiny  and  oootrol  in  order  to  guard  against  this  hidden  danger, 
to  which  too  little  attention  has  been  given.  Our  times  are  probably 
ripe  for  snch  a  reform,  and  there  is  only  wanting,  it  seems,  for  ita  imme- 
diate and  general  adoption,  a  practical  method,  a  well-arranged  plan, 
and  initiatory  energy.  It  is  to  snpply  these  deficiencies  that  we  have 
QDdertaken  and  pnblisbed  these  pagea. 

To  Sweden  belongs  the  honor  of  having  taken  the  initiative  in  this 
lefonn,  and  in  snob  a  manner  as  to  exercise  a  flill  control  over  the  sense 
of  ootor  on  all  onr  railways.  This  reform  was  promptly  matnred,  and 
iutrodaoed  in  a  not  less  rapid,  sure,  and  systematic  manner,  which  un- 
doubtedly proves  the  advantages  of  the  method,  plan,  and  principles 
which  were  followed. 

A  knowledge  of  the  method  of  investigation  and  of  the  principles 
relatiog  to  it  has  been  so  iar  disseminated  merely  by  oral  esposition  and 
application  before  the  physicians  and  railway  employes  in  the  Amphi- 
tbeatra  of  Physiology  of  Upsal,  during  the  latter  part  of  the  year  1876. 
Grauequently,  what  is  remarkable  with  regard  to  the  subject  is  that  the 
entire  reform  was  established  in  Sweden  before  any  mles  or  principles 
were  printed.  One  of  the  most  important  causes  of  this  fact  is  fonnd 
in  the  conviction  felt  from  the  first  of  the  advantages  of  speech  over 
writing  in  sach  matters.  The  other  reason  is  that  our  results  were  ob- 
tained with  nnezpeoted  rapidity,  and  that  the  time  devoted  to  it  pre- 

■  TUa  artiols  haa  been  neccMarily  somen b»t  abridged  from  the  Freoch  traoalatioti : 
D*  U  CteitA  dc*  CoDlenn,  dans  ae*  rappoiU  aTeo  lea  Chemlna-de-fer  et  la  Marine,  par 
P.  Bolmgren.  Tradnit  da  saMon  aveo  I'autoriBatiou  de  I'aiitonr.  StocUioliii.  6  vo> 
pp.144.    [1877.] 
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veuted  ns  &om  pablJBluDg  tbis  work  before  the  reform  was  introduced. 
If  this  fact  should  reader  the  publication  of  these  labors  less  iudispen- 
sable  for  the  time  being,  we  must  Dot  forget  the  importance  and  neces- 
sity of  directions  which  will  serve  in  the  fature  for  our  own  railways,  es 
well  as  for  the  introduction  of  a  similar  reform  elsewhere. 

The  importance  of  uniformit;  in  the  method  of  examination,  in  Ibe 
clasaiflcation,  and  in  the  priuciples  relating  to  the  disposal  of  the  ptr- 
sonnelf  caooot  be  too  highly  estimated,  for  this  is  of  consequence,  Dot 
only  to  science,  and  especially  to  statistics,  but  also  to  a  purely  practical 
end.  This  &ct  becomes  the  more  forcible  when  connected  with  the  in- 
vestigation of  the  sense  of  color  among  seamen ;  for  eveiy  reform  of  this 
kind  within  the  province  of  navigation  naturally  assumes  an  interna- 
tional character.  Oar  classification  as  well  as  our  method  of  examining 
the  color-blind  is  founded  npon  the  Young-Helm  holtz  theory,  and  we 
cannot  refrain  from  ennmeratiDg  here  the  principal  elements.  This 
theory  is  assaredly  not  the  only  one,  nor  even  the  last  that  has  been 
given  to  the  pnblic  and  gained  partisans ;  but  it  is,  in  oar  opinion,  tbe 
best  for  the  end  iu  view,  and  it  will  be  seen  that  it  essentially  responda, 
as  far  as  regards  practical  iuterest,  to  all  that  we  have  a  right  to  require 
of  a  theory.  We  have  no  intention  of  attempting  to  establish  its  correct 
oess.  We  make  use  of  it  for  a  definite  purpose,  nnder  the  conviction 
that  it  is  8  needful  basis  for  the  systematic  and  accurate  solution  of 
some  of  the  practical  questions  under  consideration. 

In  brief,  the  object  of  this  work  is  to  give  a  practical  and  clear  idea 
of  the  natureof  color-blindness,  of  its  importance  to  marine  andrailv&f 
service,  and,  finally,  a  coocise  snmmary  of  the  principles  to  be  followed 
and  the  measures  to  be  taken  iu  order  to  secure  immunity  from  its  pecu- 
liar dangers.  The  reason  why  we  confine  ourselves  almost  exclusively 
to  railways  here  is  that  the  reform  iu  view  has  already  t>een  introduced 
into  this  department,  and  a  valuable  experience  acquired.  And  it  is 
clear  that  these  results  may  equuUy  well  be  applied  to  navigation,  at 
least  in  all  essentials. 

Color-bliodness  in  many  other  departments  of  practical  life  also  leadB 
to  serious  inconveniences,  and  as  it  is  desirable  that  an  examination  of 
the  chromatic  sense  be  andertaken  ou  a  large  scale  iu  schools,  as  a  guide 
in  the  choice  of  professions,  we  hope  this  memoir  may  serve  in  a  meas- 
ure to  this  end.  We  should,  moreover,  be  very  happy  to  have  the 
opportunity  (so  rarely  accorded  to  physiology)  of  being  useful  to  hnman- 
ity,  without  the  interveution  of  practical  medicine. 

I.— HISTORICAL  SKETCH. 

Oolor-blindDees  has  been  known  for  a  long  time,  and,  therefore,  has 
its  history.  The  first  cases  known  to  the  pnblic  are  mentioned  in  a  let- 
ter fh>m  Joseph  Huddart*  to  Joseph  Priestley,  dated  Jaunary  15, 1777t 

*  Ad  AcooDDt  ot  persoDi  irbo  conid  not  dlatingolBh  colon.  Bj  Mr.  Joseph  Haddtrl, 
In  a  letter  h>  the  Bev.  JoBopb  Ptieatley,  L.L.D.,  F.R.8.  Philosopbical  TrftUBMtioDB  of 
the  Rojal  SocieC;  of  LondOD.    Tol.  Ixvil.    For  the  year  ITTT,  parti,  p.SGO. 
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jut  ODe  hDDdred  years  ago.  Tbe  cases  io  point  were  tbose  or  a  shoe- 
maker, named  Harris,  of  Mary-porC,  in  Otunberland,  and  his  brother, 
maater  of  a  merchaDt-Tesael,  belonging  to  tbe  same  port.  Althoagh  the 
description  is  very  brief,  several  featares,  vhich  at  a  later  date  cbarac- 
trrized  complete  cotor-blindoess,  are  recognized,  and  especially  in  the 
latter  case  tbe  type  of  bliodoess  known  at  present  under  the  name  of 
red-bUndneaa. 

Tbe  first  case  of  color-blindness  accarately  described,  known  to  as,  is 
tbat  of  John  Dalton,  tbe  celebrated  English  obemist  and  physicist. 
TJoable  to  distinguish  red,  be  studied  this  defect  of  natnre  in  himself, 
iDd  published  in  1794  a  detailed  and  accurate  deBcription  of  it.'  It  is 
after  him  that  color-blindness  received  tbe  name  of  Datlonitta,  an  ap- 
pellation which  appears  to  have  been  employed  for  the  first  time  by 
Pierre  Provost,  at  Geneva,  in  1827,  and.  was,  therefore,  in  use  daring  the 
life  of  Dalton,  who  did  not  die  until  1844.  It  is  not  known  whether 
Dalton  was  aware  of  this  appellation,  but,  however  that  may  be,  he 
probably  would  not  have  objected  to  this  use  of  bis  name,  for  according 
to  George  Wilson  he  was  more  amused  than  annoyed  by  bie  defect,  be 
himself  enjoying  tbe  amusement  he  afforded  otliers  by  his  mistakes 
iu  colors.  His  countrymen  have,  however,  warmly  protested  against 
this  manner  of  immortaliziug  tbe  memory  of  Dalton  by  perpetuating  a 
congenital  defect,  especially  aa  his  scientific  merits  are  sufficient  to  ren> 
der  his  name  imperishable.  But  notwithstanding  these  protestations, 
and  the  universal  use  in  England  of  the  name  of  color-bUndnesB,  which 
was  first  introdnced  by  Sir  David  Brewster,  and  is  now  in  general  use  in 
Oenuaoy  {farbd>Undheit),  the  terms  Daltonisme  and  Datlonien  are  stilt 
in  common  use  in  France. 

Dalton  also  cites  a  nnmbei  of  instances  of  color-blindness,  similar  to 
big  own,  and  later  a  host  of  others  are  mentioned  by  difTerent  authors ; 
bat,  on  tbe  whole,  these  are  isolated  cases  accidentally  encountered,  and 
coDsidered  as  cariosities,  and  their  most  striking  features  described  and 
discussed,  but  with  no  knowledge  of  how  to  reduce  them  to  fixed  laws. 
Por  this  purpose,  three  things  were  especially  wanting:  a  practical 
method  of  investigation,  a  large  material  for  tbe  purpose,  and  a  satis- 
factory theory  for  direction  in  tbe  employment  of  this  material. 

Seebeck  was  the  first  to  interest  himself  esiiecially  in  systematically 
collecting  a  number  of  cases  relatively  very  large,  and  in  comparing 
tlietn  with  each  other.  lo  1837  be  made  a  strict  examination  of  tbe 
students  of  one  class  in  a  school  in  Berlin,  and  gave  a  detailed  account 
of  twelve  cases  of  complete  color-blindness  examined  by  bimeeir,  and  of 
one  mentioned  Ity  his  father,  as  well  as  a  few  other  instances  more  or 
less  color-blind,  which  form  the  transition  between  complete  color-tiliud- 
ness  and  tbe  normal  chromatic  sense.    Seebeck  understood  tbe  uncer- 

*  EttraoTdlDary  facta  relatiug  to  Ibe  vision  of  colura :  with  olmTralioiiii  by  Mr.  Joho 
DiKoo,  read  October  31tt,  1194.  Memoirt  of  tbe  Literary  and  Pbiloaophioal  Society 
of  UsDchMter.    Vol.  v,  part  i  (1708),  p.  28. 
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tainty  and  inBdmiHsibilJty  of  attempting  to  discover  tbe  Datnre  of  Hiis 
bliodDess  by  simply  interrogating  the  coIor-tiliDd  as  to  tbe  namesof  tbe 
colored  objects;  ba  was  carefiil  to  note  what  mietRkeg  tbey  made  in 
comparing  tbe  oolora,  or,  in  other  words,  he  ascertained  betweeu  what 
colors,  different  to  the  normal  eye,  they  fonnd  resemblances.  Follow- 
ing up  this  principle,  he  proceeded  methodically  to  examine  individnalB; 
he  invited  them  to  arrange,  in  the  order  of  their  resemblances  to  each 
ocher,  a  namber  of  colored  objects,  which  in  the  beginning  were  in  confa- 
Bion.  He  used  principally  paper,  abont  three  hundred  pieces  of  diffw- 
ent  colors,  not,  however,  r^ecting  other  materials,  especially  pieces  of 
colored  glass.  He  objected  to  silk  on  accou  nt  of  its  brilliancy,  bnt  rec- 
ommended wool,  although  be  does  not  appear  himself  to  have  preferred 
to  nse  it.  It  is  not  dear  from  Seebeck's  writings  whether,  after  each 
examination,  be  preserved  the  order  in  which  these  pieces  of  paper  wen 
arranged  by  the  color-blind ;  bat  it  is  certain  he  compared  the  manner 
of  arranging  tbem  in  different  oases,  and  drew  his  own  oonclasioDi. 
By  this  comparison,  Seebeck  succeeded  in  pointing  oot  two  classes  of 
speci&cally  distinct  color-blindness.  Of  the  thirteen  cases  he  examined, 
eight  belonged  to  the  first  and  five  to  tbe  second  class.  Moreover,  he 
shows  that  in  the  two  classes  there  is  a  great  variety  of  degrees  of  colo^ 
blindness,  and  seeks  further  to  prove  the  probable  existence  in  tbe  two 
classes  of  a  gradual  transition  to  the  normal  sense  of  color. 

Bnt  Seebeck  and  his  contemporaries,  like  their  predecessors,  oonld  not 
discover  a  satisfactory  explanation  of  the  defect  in  question,  or  practi- 
cally see  its  relation  to  the  normal  sense  of  color.  This  is  easily  es- 
plained  by  the  fact  ttiat  at  this  time  there  was  not  the  least  plausible 
system  of  a  physiological  doctrine  of  colors.  Indeed,  as  eesly  as  the 
beginning  of  onr  ceniury,  a  osefnl  and  satisfactory  theory  bad  ban 
devised  by  Thomas  Tonug,  but  it  had  been  neglected  or  forgotten,  as  woe 
many  of  tbe  other  ideas  of  this  extraordinary  man,  who  was  fat  in 
advance  of  his  age,  and  consequently  oot  understood.  Tbe  theory  of  the 
three  primitirecolors,  or  fundamental  perceptions,  ofToung,  was  rescned 
from  oblivion  by  Helmholtz  about  tbe  year  1850,  and  also  later,  bntiodfr 
pendeotly,  by  Maxwell.  This  theory  has  undoubtedly  already  exerted  a 
very  happy  influence  over  the  physiological  doctrine  of  colors  in  general, 
as  well  as  over  thatof  the  anomaly  in  chromatic  perception.  In  deBigDa^' 
ing  this  theory  by  the  names  of  both  scientists,  we  thereby  simply  ren- 
der justice  to  tbe  merit  which  accrues  to  Helmholtz  for  having  renved 
and  applied  it.  Owing  to  this  theory,  the  question  of  the  nature  of  color- 
blindness has  been  of  late  tbe  object  of  strong  and  growing  interest.  The 
number  of  cases,  and  also  of  treatises  on  the  snhject,  have  Increased  very 
considerably,  and  the  study,  undertaken  by  physiologists  as  well  as  by 
opbthalmological  practitioners,  has  not  been  confined  to  congenital  color- 
blindness and  its  different  forms,  but  has  also  extended  with  much 
earnestness  over  pathological  diagnostics.  It  is  only  abont  ten  years 
aince  that  a  new  theory,  that  of  fonr  cardinal  colors,  succeeded  in  making 
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many  partisans.  Bnt  wbeo  will  It  be  In  a  condition  to  meet  tbe  exlgen- 
dea  of  tbe  pbjBiological  doctrine  of  colors  In  a  more  satisfactory  manner 
tbau  tbe  Yonng-Helmholtz  theory  T  Tbia  Is  yet  unknown.  With  regard 
to  tbe  defect  now  oconpying  oar  attention,  it  seems  very  donbtfal,  to 
jndge  by  tbe  trials  that  have  been  made,  whether  this  theory  would  t>etter 
meet  praotical  necessities  than  that  of  the  three  cardinal  colors.  And 
it  is  precisely  these  practical  lequirementa  tbat  have  led  as  to  mention 
the  theory  here. 

Up  to  tbe  present  time,  the  theoretical  problem  of  color-blindness 
has  andoabtedly  been  tbe  object  of  more  serious  attention,  and  baa  been 
richer  iu  resalts  than  tbe  practical,  llow,  as  tbe  latter  is  oevertheless 
of  singular  importance,  and  the  difflcnlties  to  be  encountered  to  solve  it 
in  a  satisfactory  manner  seem,  in  many  respects,  of  only  secondary 
importance,  it  is  not  easy,  in  reality,  at  the  first  approach,  to  &nd  a  suit- 
able explanation.  It  will  not,  therefore,  be  Dnioteresting,  we  believe,  to 
cast  a  rapid  glance  over  this  side  of  tbe  question  &om  a  historical 
point  of  view,  which  will,  in  the  first  place,  bring  oat  the  fact  of  which 
we  speak,  and  perhaps  also  contribate  to  bring  to  light  the  point  at 
whioh  it  is  necessary  to  look  for  the  cause  of  tbis'state  of  things.  The 
first  writer  who  serionsly  occupied  himself  with  the  investigatiou  of 
color-blindness  in  the  various  departments  of  practical  life,  and  especially 
drew  attention  to  tbe  possible  accidents  occasioned  by  the  employment 
of  color-blind  individuals  ou  railways  and  at  sea,  and  generally  in  all 
operations  where  colored  signals  are  used,  was  George  Wilson,  professor 
of  toohnology  at  the  University  of  Edinburgh.  *  Wilson's  researches 
*ere  parely  practical  in  aim  and  end.  The  mistakes  madQ  by  the 
students  of  bis  laboratory  in  jadging  tbe  colors  of  chemical  precipitates 
led  him  to  reflect  upon  this  subject,  after  reading  the  memoir  in 
which  DaltOD  deeoribea  his  own  anomaly.  For  a  long  time,  be  tells 
OS  he  scarcely  dared  suspect  any  of  his  pupils  of  having  so  rare  an  in- 
firmity, bnt,  like  many  after  bim,  be  took  courage,  proceeded  to  make 
an  examination,  and  found  tbat  not  only  were  his  saspicions  perfectly 
correct,  but  that  color-blindness  was  far  fh>m  being  so  uncommon 
as  nanally  supposed. 

He  dilates  at  length,  in  his  memoir,  on  the  peculiar  characteristics  of 
seventeen  color-blind  individuals ;  eight  were  examined  by  himself,  and 
the  others  described  by  difierent  observers,  or  tiie  color-blind  them- 
selves. These  cases  were  distributed  as  follows:  foorteen  men  sud 
three  women ;  sixteen  cases  were  congenital,  and  one  proceeded  from 
a  cerebral  affection  caosed  by  a  fall  from  a  horse.  It  must  be  re- 1 
membered  that  this  last  case  had  not  been  examined  before  tbe  acci- 
dent; a  circumstance  rendering  the  veriflcatioa  of  the  pathological 
origin  of  color-blindness  difficult,  bnt  the  description  seems  to  authorize 

*  RaicwohB*  on  oolor-blindneu,  with  ■  anppIemeDt  on  the  danger  atteodiog  the 
prcaent  syatem  of  lailvra;  and  marino  ooloied  gignals.  By  George  Wilaan.  Edii^ 
bargfa,  1B55. 
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the  ooncloBiou  that  the  case  was  correctly  Jadged.  Besides  these 
cases  described  ia  detail,  and  illnstrated  by  a  namber  of  interesting  aoM- 
dotes,  Wilson  cites  a  great  many  others  analogoos,  bat  only  accidentally 
encountered  by  our  author,  or  meotiooed  to  him  by  other  persona,  for 
which  he  was  indebted  to  the  interest  the  question  had  excited  in  Eng- 
land by  his  own  initiatory  steps.  Wilson's  data  are  not  merely  limited 
totbiskindofinveatigation.  Healso mentions  thesyatematio researches, 
(analogous  in  some  measure  to  those  of  Seebeck,]  whicb  be  undertook  in 
order  to  discover  color-blind  individuals,  and  by  that  means  form  some 
idea  of  the  fluency  of  color-blindness  amongst  the  popnlation.  It  is 
to  him,  in  fkct,  we  owe  the  first  efforts  to  establish  regular  statistics  oa 
this  subject,  as  it  would  be  difficnlt  to  receive  as  such  the  cases  collectei] 
by  Dalton.  To  attain  tbisend,  Wilson  examined  at  the  same  timea  large 
number  of  individuals  belonging  to  the  same  class,  such  as  soldiers, 
students,  police-agents,  veterinary  students,  etc.,  and  discovered  in  tbis 
way  65  color-blind  ont  of  1,151  persons  examined ;  that  is,  6.6  per 
cent.,  or  one  color-blind  out  of  every  17.7  persona  If  desired  that  statis- 
tics of  this  nature  should  render  the  service  expected,  it  is  plain  that 
there  most  be  great  strictness  in  the  use  of  the  methods  of  esaminatioo, 
and  especially  in  any  case  where  a  doabt  of  color-blindness  exists.  Here, 
as  in  the  classification  of  color-blindness  in  general,  theory  exercises 
great  influence.  In  tbis  respect,  it  is  very  important  that  nniformity 
should  prevail,  or  at  least  that,  at  the  time  of  the  employment  of  tbe 
different  theories  and  methods,  the  limits  should  be  welt  defined  between 
color-blindness  on  one  band,  and,  on  the  other,  between  tbe  differeat 
kinds  of  anomalies,  and  finally  that  the  process  should  be  so  selected  for 
examination  and  classification  that  from  any  practical  point  of  view 
an  accurate  judgment  conid  be  formed  of  the  result,  and  a  classifica- 
tion made  of  thedifferent  cases  under  any  system  whatsoever.  It  isootf 
by  fulfilling  these  conditions  that  these  statistical  data  can  be  oseful; 
and  that  they  may  have  a  real  value,  it  is  the  more  necessary  that  the 
method  should  be  so  sure  that  no  color-blind  individual  could  escape 
the  experimenter. 

It  is  impossible  to  say  that  Wilson's  statistics  fulfill  these  requirements. 
Wilson  was  not  ignorant  of  Young's  theory  aa  restored  by  Helmholtz 
and  Maxwell.  But  this  theory  had  not  as  yet  begun  to  excercise  a 
general  iuflucnce  over  tbe  ideas  of  tbe  nature  of  the  anomalous  percep- 
tion of  colors,  thu  methods  employed  in  discovering  it,  and  the  manner 
of  classifying  the  different  forms.  Wilson's  method  and  classificatioo 
therefore  are  deficient.  His  method  cousists  in  presenting  to  the 
individuals  to  be  examined  pieces  of  colored  pai)er,  one  after  tbe 
other,  or  a  diagram  in  an  illnstrated  work,  and  asking  tlie  names  of 
the  colors.  Those  only  who  evince  some  hesitation  in  distinguiabiug 
red,  green,  and  brown  are  required  to  submit  to  Seolteck's  proof,  that  is 
to  say,  classifying  according  to  their  analogy,  but  without  indicating  by 
same  tbe  pieces  of  colored  paper,  glass,  or  wool.    From  this  it  can  be 
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qaite  positively  ooDoladed  that  this  method  is  not  altogether  safe. 
Wilson  acknowledges  as  possible  that  some  of  the  color-blind  might  pass 
nnperceived,  especially  when,  to  save  time,  the  examiDatioo  is  made  more 
hastily  than  the  method  allows. 

The  classification  is  not  better  regulated ;  in  fact,  it  distribotea  the 
color-bliud  into  three  classes :  Ist,  those  wbo  confonod  red  with  green ; 
2d,  those  who  confonnd  brown  with  green;  and,  3d,  those  who  confoaad 
blae  with  green.  This  distribution  ia  not  founded  apoa  any  theory,  nor 
is  it  either  the  exact  expression  of  well-deBned  kinds.  Wilson  himself 
agrees  that  those  who  make  the  mistakes  characterizing  the  first  class  do 
not  fail  to  make  those  of  the  second  also.  The  second  group  might  there- 
fore be  correctly  regarded  as  the  same  kind  as  the  first,  of  an  inferior 
degree.  With  regard  to  the  third  class,  it  is  more  than  doubtful  whether 
tbe  greater  number  of  the  cases  which  it  inclndes  can  be  classed  aodcr 
the  head  of  color-blindness.  It  also  seems  that  Wilson  hesitated  with 
regard  to  this,  since  he  has  exclnded  this  group  from  one  of  his  tables. 
This  class  contributes  the  most  also  in  rendering  the  proportion  of  color- 
bliridDess  as  great  as  Wilson  found  it.  From  these  statements,  the 
statistics  given  by  this  author  cannot  be  regarded  as  very  useful. 
Besides,  tbe  number  of  cases  examined  is  too  limited,  especially  as  the 
particnlur  figares  forming  the  sum-total  differ  considerably  among  them- 
Belves.  There  is,  however,  another  reason  rendering  Wilson's  work  of 
great  importance,  and  worthy  of  being  especially  mentioned  here.  Wil- 
son's constant  aim,  in  fact,  was  to  direct  attention  to  color-blmdoess  in 
itscoonection  with  practical  life,  and  that  in  a  very  extended  sense.  He 
Bbows  that  an  individual  whose  anomaly  from  infancy  has  been  estab- 
lished should  avoid  selecting  a  profession  iu  which  his  defective  sense  of 
color  might  occasion  difficulties  and  annoyances  to  himself  as  well  as  to 
others.  Accordiog  to  Wilson,  the  color-blind  should  never  become  paint- 
ers, dyers,  weavers,  tailors,  chemists,  botanists,  geologists,  pbysiciaDS,  etc. 
Amongst  the  occupations  in  which  the  color-blind  risk  being  tbe  cause  of 
embarrassments  and  anooyances  to  themselves  as  well  as  toothers,  and  of 
real  and  serious  accidents,  Wilson  especially  mentions  those  of  the 
sailor  and  railway  employ^,  because  the  color-blind,  who  have  a  peculiar 
teodency  to  coufonnd  the  very  colors  employed  as  signals  at  sea  and 
on  railways,  may  in  this  way  occasion  even  doatb  itself. 

Wilson  does  not  confine  himself  to  pointing  out  these  dangers  to  their 
fall  exteut,  but  proposes  preventive  measures.  For  this  purpose,  he 
snggests  very  sensibly  the  only  two  measures  that  could  be  taken :  to 
preserve  the  colored  signals  in  actual  use, — red  (=  danger),  green  (= 
attention),  and  white  (tbe  ordinary  light  of  lanterns,  that  is  yellow  =: 
clear  track),  and  in  this  case  eliminate  all  the  color-bliud ;  or  else 
retain  all,  and  change  the  signals.  Wilson  decides  in  favor  of  the  latter 
alternative,  which  he  considers  preferable.  He  says  that  the  managers 
of  railways  have  been  very  unfortunate  in  their  choice  of  colors,  select- 
ing precisely  those,  red  and  green,  the  color-blind  coDfonnd  tbe  most. 
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This  opinion  does  not  extend  to  tbe  signals  used  daring  tbe  daj.  But 
Wilson  fails,  and  ver;  naturally,  when  be  proposes  otlier  colors  prefer- 
able, according  to  bis  Judgment,  for  night-signals;  for  example,  a  blue 
ligbt,  excellent  in  all  other  respects,  cannot  fail  to  be  useless  in  conse- 
qoence  of  the  small  amoant  of  power  it  la  capable  of  acqairing  in  an 
ordinary  lantern.  Wilson  reaches  tbe  conclasion  that  colors  should  be 
discarded  as  principal  signals;  they  should  be  employed,  he  says,  only 
as  anxiliaiy,  and  founds  his  system  of  signals  on  form,  motion,  and  num- 
ber. He  enlarges  to  some  extent  upon  this  subject  in  a  supplement  to 
his  memoir,  into  the  details  of  whtcb  we  cannot  now  enter. 

The  dangers  which  threaten  travel  by  rail  and  sea,  and  the  disasters 
resulting  fhim  mistakes  of  tbe  color-blind  with  regard  to  colored  signals, 
were  clearly  understood  and  distinctly  expressed,  and  the  measures  to  be 
taken  to  avoid  them  plainly  proposed  more  than  twenty  years  since.  K, 
therefore,  it  is  now  asked,  as  would  be  natural,  to  what  practical  results 
all  this  has  led,  we  might  reasonably  expect,  especially  when  we  recall  tbe 
attention  that  Wilson  awakened  on  the  subject  amongst  his  contempora- 
ries, that  an  important  reformation  for  assuring  public  safety  would  loog 
since  have  been  accomplished  not  only  in  England,  bat  in  every  civilized 
country.  A  mere  glance  over  the  existing  condition  of  things,  however, 
reveals  the  hbot  that  the  answer  is  not  satisfoctory.  The  only  practical 
result  mentioned  by  Wilson  in  his  work  as  a  resnlt  oif  his  wril»ngf,  is 
the  resolution  of  the  Great  Kortbetn  Railway  Oompany  that  the  entire 
peraoanel  must  in  future  prove  themselves  free  fhim  this  defect  of  tbe 
chromatic  sense  before  entering  tbe  service;  and,  as  Wilson  says,  the 
public  is  indebted  for  this  wise  measure  to  one  of  the  directors  of  tbe 
company,  Mr.  Graham  Hutchison,  whose  attention  was  called  to  Wil- 
son's works  by  Dr.  Mackenzie,  of  Glasgow.  We  see  by  this  that  tbe 
numeroas  articles  written  by  Wilson  befbre  publishing  bis  views  and 
experience  in  full  had  aroused  public  attention  to  an  interesting  phe- 
nomenon in  tbe  scientific  world,  bnt  bad  not  led  to  any  practical  appli- 
cation, except  in  tbe  one  case  in  which  a  physician  bad  succeeded  in  per- 
sonally interesting  one  of  the  directors  of  a  railway  company  in  the  ques- 
tion. We  know  not  how  far  other  administrations  have  Tollowed  this 
example.  It  is  very  probable  that  this  measure  has  not  been  adopted  by 
a  single  company  in  Dalton's  country,  where  color-blindness  was  dis- 
covered in  the  first  place,  and  where  it  was  stndied  with  so  much  care 
that  England  was  long  regarded  as  the  veritable  land  of  this  auomaly> 

It  would  appear  then  that  no  considerable  change  has  taken  place  in 
the  matter  since  Wilson's  time.  With  regard  to  the  English  navy,  we 
still  lack  positive  information. 

With  regard  to  France  we  are  more  fortunate.  For  a  long  term  of 
years,  Dr.  A.  Favre,  of  Lyons,  was  occupied  with  the  practical  side  of 
this  question,  and  made  different  investigations  into  the  perception  of 
colors,  especially  amongst  the  employ^sof  tbe  Paris-X^on-MediterrftueaD 
Uompany,  of  which  he  was  for  a  long  time  one  of  the  consulting  phyu- 
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ciaBB.  He  tben  proceeded  to  mal:e  an  examinatioQ  of  soldiers,  sailors, 
and  stadeQts.  The  information  ve  are  abont  to  give  is  principally 
derived  from  Dr.  Favre^B  pamphlet,  whicli  be  kindly  sent  ns. 

We  will  give  a  brief  statement  of  his  statistics,  his  method,  and  his 
idea  of  oolor-blindness,  and  then  bis  propositions  for  practical  measares. 
In  relation  to  the  freqaency  of  color-blindness  amongst  the  personnel 
of  railways.  Dr.  Favre  tell  as  that  oat  of  1,196  candidates  examined  by 
him  firom  Jane,  1864,  to  December,  1872,  thirteen  were  red-blind  and 
one  green-blind  (1.17  per  cent) ;  but  oat  of  728  employ^  of  the  same 
line  examined  in  1S72  and  1873,  he  foand  not  less  than  42  cases  (6.76 
peroent.)  of  color-bliodness  more  or  less  prouoonced,  and  that  althongh 
276  amongst  them  had  previonsly  sabmitted  to  an  examination  for  the 
same  defeot.  Daring  a  sabsequent  examination,  from  Jnly,  1873,  to  Oc- 
tober 1, 1876,  he  discovered,  amongst  1,066  men  fh>m  eighteen  to  thirty 
^ears  of  age,  nearly  all  formerty  soldiers,  not  less  than  98  color-blind 
(0.33  per  cent.).  The  increasing  proportion  of  color-blindnfss  at  each 
series  of  inspection  must  be  attribated  to  the  modifications  introduced 
into  the  method  and  diagnosis,  owing  to  which  a  comparatively  mocb 
krger  nnmbec  of  oases  has  been  dassed  under  the  head  of  color-blind- 
ness. This  large  proportion  is  easily  explained  by  the  method  and  man- 
ner of  making  the  diagnosis.  Dr.  Favre'e  method,  which  he  has  devel- 
oped from  year  to  year,  consists  in  this :  he  presents  to  the  snttjects  to  be 
examined  wool  of  difibrent  colors  eorreapondlng  to  those  of  the  spectrum, 
red,  ye^ow  (inolading  orange),  green,  blue  (Inclnding  indigo),  and  violet, 
and  demands  the  name  of  each  of  these  colors.  All  who  are  at  &alt 
abont  them  are  prononnoed  color-blind.  He  regards  also  as  such  those 
who  hesitate,  and  who,  when  the  test  is  repeated  several  times,  give  to  a 
eolor  sometimes  its  own  name  and  sometimes  another.  And  yet,  Dr. 
Favre  thought  it  hia  dnty  to  correct  the  result  obtained  at  the  last  exam- 
ination :  from  the  98  cases,  he  withdrew  29,  who  hesitated  only  in  the 
designation  of  the  colors,  and  8,  who,  after  repeated  tests,  corrected  their 
preceding  mistakes ;  the  proportion  falls  by  that  from  0.S3  to  6.8  per 
emt. 

On  two  points.  Dr.  Favre  has  In  his  works  annoanced  new  views,  and 
whether  they  ought  to  l>e  accepted  or  merely  left  to  gain  supporters, 
they  are  of  a  nature  to  produce  consequences  of  great  importance  la  the 
practical  world.  In  fact,  it  has  invited  especial  attention  oii  one  band 
to  (toured  color-blindness,  which  is  quite  common,  according  to  his  pam- 
phlet, on  the  Paris- Iiyon-Mediterranean  line,  and  results  from  various 
eanses.  On  the  other  hand,  he  asserts  that  congenital  color-blindness  is 
not  incurable,  but  can  be  remedied  by  means  of  assiduous  and  syste- 
matic exercise  in  colors. 

The  practical  measures  demanded  by  Dr.  Favre,  in  accordance  with 
his  views  and  experience  and  that  of  his  fellow-laborers,  with  regard 
to  oolor-blindness,  might  be  embodied  in  the  following  terms :  an  ex- 
amination of  the  chromatic  sense,  obligatory  npon  all  candidates  for 
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railway  employ mettt,  and  upon  those  already  in  service  ;  exclaaion  from 
active  service  of  all  wbocanoot  distiDgaiBhred;  especial  examination  of 
all  employes  afflicted  with  coDtaaioaaorwoDndson  the  head,orrecoveriDg 
from  a  aerioas  illness;  ezatainationofdriDkera  and  smokers;  and,  finally, 
a  periodical  examination  of  the  entire  personnel  in  active  service;  these 
last  measnres  having  reference  to  acqnired  color-blindness.  These  prin- 
ciples apply  equally  well  to  sailors.  In  behalf  of  hia  views  on  the 
cnrability  of  acquired  coloT-blindnnss,  in  which  he  seems  more  and  more 
interested,  Dr.  Favre  earnestly  arges  the  introduction  of  systematic 
exercise  in  colors  in  schools,  in  the  army  and  navy,  and  on  railways. 

It  is  readily  seen  that  these  views,  and  the  measures  based  opon  them 
might  have  very  considerable  practical  consequences ;  in  fact,  if  they  were 
proved  by  adecisive  test,  we  would  havethebestaodmostradicalmeansof 
preventing  all  6he  incooveuiences  and  dangers  that  color-blindness  might 
occasion.  But,  on  the  other  band,  if  the  ideas  of  our  honorable  colleague 
prove  to  rest  on  but  slight  foundation,  as  is  generally  admitted  so  far, 
and  as  we  oarRelves  believe,  iC  is  to  be  feared  lest  through  an  actual 
improvement  in  the  chromatic  sense,  on  which  these  measures  depend, 
we  naight  be  led  into  error  as  to  the  ability  that  the  color-blind  often 
acquire  by  practice  iu  designating  the  colors  of  common  objects  accu- 
rately by  conjecture  or  the  belp  of  other  characteristics,  and,  lolled  into 
a  false  security,  neglect  the  measnres  that  should  and  might  be  takoi- 
We  are  fur  from  asserting  that  Dr.  Favre's  opinion  on  this  point  may 
have  already  exercised  sucb  an  influence,  but  we  cannot  refrain  from 
raeDtioniug  a  circumstance,  which,  at  all  events,  would  not  contradict 
such  a  supposition.  In  fact,  Dr.  Favre  tells  us  that  in  1875  the  Academy 
of  Sciences  and  Letters  at  Lyons  voted  resolutions  calling  the  attentioa 
of  the  ministers,  and  amongst  others  that  of  tbe  navy,  to  Dr.  Favre's 
publications,  and  especially  bis  request  that  sailors  should  be  educated 
and  exercised  in  colors.  We  do  not  know  whether  this  decision  has 
been  put  into  practice,  but  we  have  no  reason  to  doubt  it.  But,  on  tbe 
other  hand,  we  learn,  from  special  information,  that  up  to  tbe  present 
(January,  1877)  no  examination  of  tbe  chromatic  sense  has  been  exacted 
of  those  desiring  to  enter  tbe  Freocb  navy.  Kevertheleea,  Dr.  Favre's 
labors  and  his  practical  efforts  in  the  cause  of  color-blindness  have 
awakeued  genuine  attention  in  France  and  Belgium.  Be  tells  us  him- 
self, also,  that  the  greater  part  of  the  precautionary  measures  in  use  on 
the  Lyons  railway  from  1857  have  been  since  introduced  on  other  lines, 
and  quite  recently  on  the  Belgian  railways.  Mort'over,  Dr.  Favre's 
example  has  enlisted  tbe  interest  of  several  physicians  in  this  cause. 
One  of  the  most  distinguished,  Dr.  F^ris,  surgeon-general  of  tbe  navy, 
has  written  a  memoir  on  the  importance  of  color-blindness  to  navigation. 
This  memoir  describes  an  examination,  by  the  author,  of  601  sailors, 
amongst  whom  he  discovered  41  cases,  more  or  less  aflected  with  tliis 
anomaly  of  the  chromatic  perception,  that  is  to  say,  8.18  per  cent.  This 
large  proportion  is  explained  by  the  fact  that  Dr.  F^ris  finally  employed 
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tbe  same  method  and  made  the  same  diagnosis  as  Dr.  Favre,  and  nearly 
the  same  classification,  with  slight  modifications. 

The  foregoing  seems  to  show  that  the  question  is  now  exciting  atten- 
tion in  France,  and  this  owing  to  the  activity  of  a  single  indivldaal. 
It  is  obvioDS,  however,  that  althongb  Dr.  Farre  may  have  succeeded 
inintrodncing  measures  inaariDg  tfaecommunications  against  color-blind- 
ness amongst  the  employes  of  the  line  to  which  he  was  himself  attached,  or 
those  of  other  lines,  no  reform  has  been  generally  recommended  or  intro- 
dnced  on  the  French  railways,  and  that  absolutely  no  measures  have 
been  taken  in  the  navy,  Besides,  it  is  evident  from  certain  passages  in 
Dr.  Favre's  pamphlet  and  from  his  opinion  of  the  curability  of  congeni- 
tal color-blindness,  that  the  principles  applied,  where  a  control  bos  been 
introduced,  have  not  been  particularly  rigorous.  As  to  the  elimination 
of  the  color-blind  personnel,  it  might  with  certainty  be  concluded  that  no 
rigid  rule  bas  been  followed ;  £rom  the  fact  that  those  only  are  dis- 
charged from  active  service  who  *'  cannot  or  only  partially  can  distinguish 
red,  and  are  consequently  dangerous,"  and  the  fact  tbat  of  the  forty-two 
color-blind  subjects  detected  by  Dr.  Favre  in  one  of  his  examinations, 
nine  only  were  removed  from  active  service. 

In  Germany,  where  an  interest  in  color-blindness  bas  been  lately  ex- 
cited in  many  quarters,  but  little  is  presented  in  regard  to  the  control  of 
this  defect  on  railways  and  in  the  navy.  We  can  supply  only  a  few  data 
capable  of  throwing  any  light  upon  the  state  of  the  question  there. 

In  an  article  on  the  works  of  Dr.  Favre,  Mr.  Blascfako  points  out  the 
importance  of  seriously  making  the  sense  of  color  amongst  the  person- 
net  of  railways  an  object  of  official  scrutiny  and  control,  according  to 
Dr.  Favre's  plan. 

Dr  Stilling  in  1S75  gave  us  still  further  information  in  an  account  of  a 
method  projwsed  by  him  for  discovering  color-blindness  by  means  of 
colored  shadows.  "Here  also  iu  Ocrmany,"  says  he,  "several  railway 
companies  have  directed  their  attention  to  this  subject  (color-blindness), 
and  tbe  time  is  probably  not  far  distant  when  investigation  amongst 
railway  personnel  and  others  will  be  undertaken  ex  officio  and  ea 
oMueP  We  do  not  know  how  or  in  what  measure  this  prediction  may 
be  realized,  but  inasmuch  as  the  late  movemeut  in  Sweden  was  regarded 
by  the  German  papers  as  a  new  and  extraordinary  phenomenon,  and  as, 
moreover,  one  of  the  most  eminent  physiologists  of  Germany  writes  as 
that  no  general  measures  have  been  adopted  with  regard  to  it  in  that 
country,  we  may  conclude  that  no  practical  reformation  on  the  subject 
bas  been  generally  introduced  there. 

We  bear  from  Holland  tbat  measures  with  regard  to  this  defect  are 
DOW  on  the  road  to  execution. 

A  rapid  glance  over  the  development  and  existing  state  of  this  ques- 
tion in  Sweden  cannot  be  void  of  interest.  In  what  is  called  the  Lager- 
londa  case  or  trial,  instituted  in  consequence  of  a  railway  accident,  of 
which  Lagerluuda  iu  Ostrogotbia  was  tbe  theater,  November  Ifi,  1875, 
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and  wbicb  at  tbe  time  intensely  excited  pnblto  attentioD,  teBtimon; 
was  adduced  wfaich  led  me  to  sappose  that  color-blindness  was  one  of 
Uie  prinoipal  oaases  of  tbe  disaster.  This  impressed  me  with  the  idea 
that  official  scrntiny  and  control  should  be  ^cerciaed  over  tbe  sease  of 
color  amongst  railway  employes.  Witboat  knowing  wbat  had  bees 
done  or  written  with  reference  to  this  in  other  countries,  I  considered  it 
my  daty  to  take  the  initiative.  After  oonvincing  myself  that  the  st^ 
to  be  taken  ahoald  consist,  with  the  preservation  of  the  existing  syBtem 
of  sigaals,  in  eUmioating  &om  the  railwt^  service  all  employ^  afflioted 
with  color-blindness,  or  at  least  those  with  certain  kinds  and  degrees,! 
regarded  it,  first,  of  the  highest  importance,  to  bave  a  practical  method 
which  should  rendw  the  discoveiy  of  tbe  color-blind  rapid  and  certma, 
without  incurring  heavy  expense  or  requiring  extensive  preparatioiis, 
and  in  consequence  to  be  able  to  examine  easily  a  considerable  namber 
of  individuals.  Then  it  seemed  to  me  essential  to  endeavor  to  iutensC 
the  high  functionaries  at  tbe  head  of  the  railways  personally  in  the 
matter. 

As  regards  the  method,  I  bad  already  found  one  pnrely  theoretic, 
which,  while  in  agreement  with  that  of  Yonng-Helmboltz,  proved  to  be 
practical  in  the  examination  of  tbe  color-blind.  But  this  method  vat 
only  intended  for  discovering  the  types  of  partial  color-blindness  (com' 
plete,  according  to  the  theory),  but  not  the  form  of  blindness  I  bad 
ascertained  by  the  perimetrical  examination  of  the  colored  visual  field, 
and  defined  under  the  name  of  incomplete  color-blindness.  The  metiiod 
received  accordingly  a  new  practical  aim,  and  it  became  necessary,  in 
consequence,  to  render  it  more  accurate,  and  especially  to  make  a  trial 
of  it  by  no  examination  of  the  masses,  so  as  to  determine,  by  experiment, 
the  practiced  value  of  tbe  method,  and  form  an  idea  of  tbe  amount  of 
color-blindness  in  our  conntry,  of  which  no  one  had  the  slightest  con- 
ception. The  desired  occasion  presented  itself  in  tbe  month  of  June, 
1876,  and  I  am  indebteded  to  the  politeness  of  Major-Gleneral  Von  Edot- 
riiig  and  Migor  Bndbeck  for  permission  to  examine  2,220  men  belongiog 
to  a  regiment  of  infantry,  cantoned  in  Upland  {standing  army  and  mili- 
tia), and  to  the  dragoons  of  tbe  gnoid  (militia).  Tbe  method  proved  to 
be  capable,  in  its  extraordinary  simplicity,  of  perfectly  answering  the 
end  in  view  with  reference  to  rapidity  and  accuracy.  The  examiuatioD 
of  each  man  reqaired,  on  an  average,  one  niiuute,  sometimes  more  and 
often  less ;  and  with  the  improved  form  we  hod  given  the  method,  ve 
also  discovered,  with  accuracy,  every  individual  incompletely  color- 
blind. With  regard  to  tbe  knowledge  acquired  by  this  examination  of 
color-blindness  amongst  the  population  of  the  province,  we  foond  that 
out  of  2,220  men  eleven  could  not  distinguish  red,  seventeen  green,  one 
violet  (!],  and  tbirty-one  were  incompletely  blind,  according  to  the 
classification  I  bad  used.  There  were,  then,  in  all,  sixty  color-blind, 
or  2.7  per  ceuL—The  iustances  of  a  feeble  sense  of  color  are  not  in- 
cluded in  this. 
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Od  the  14tb  of  J0I7,  of  the  eame  year,  I  bad  an  (q)portanity,  before  a 
congress  of  BcandlnaTiaa  pfayaicians  aaaembled  at  Gotbembonrg,  of 
giriDg  an  accoaut  of  the  method,  of  stating  the  resaltB  obtained  by  its 
DBe,  and,  besides,  of  expressiog  my  views  on  the  neoeaaity  of  taking 
measiires,  00  a  large  scale,  for  the  detection  of  eolDr-blindness,  espeoially 
amongst  railway  employ^.  It  resulted  in  the  congreas  naanimoDsly 
resoMog  that  it  was  necesaary  to  make  investigationa  for  the  detection 
of  oolor-bliodness :  1st.  Amongst  employes  of  railways;  2d.  Amongst 
pilota,  light-hoase  keepers,  and  sailors  in  general ;  and  3d.  In  schools. 
Daring  the  session  of  the  congreas  I  bad  an  opportunity  also  of  proving 
to  theiihysicians  the  practical  utility  of  the  method  by  examining,  in  their 
presence,  and  with  the  permission  of  Oolonel  Oarlaohn,  100  men  of  a  regi- 
ment of  artillery  from  Gothia,  amongst  whom  we  found  foor  color-blind, 
namely,  ooe  red-blind,  one  green,  and  two  incompletely  blind.  Besides, 
on  the  same  occasioQ,  we  discovered  amongst  the  medical  members  of 
the  congress  one  green-blind,  and  amongst  the  nodience  one  red-blind. 

I  was  then  advised  to  apply  directly,  in  person,  to  tJie  directors  of  rail- 
vafs.  Thanks  to  the  press,  which  had  attentively  followed  up  the 
debates  of  the  Ootbembonrg  congreas,  the  qneaUon  had  reached  the 
pablic  It  naturally  became  an  object  of  attention  to  railway  officials, 
althoogh  received  by  a  greater  portion  of  them  with  a  certain  mistrust, 
seeing  in  it  the  result  of  a  scientist's  imagination  or  an  overwrongbt 
Bolioitade,  rather  than  a  matter  of  practical  application  for  the  benefit 
of  railways.  "  If  color-blindness  really  exist,"  they  said,  "  it  cannot,  at 
any  rate,  be  amongst  the  employes,  or  it  would  undoubtedly  have  been 
remarked ;  especially  must  this  be  the  case  amongst  the  engineers  and  con- 
daotors,  as  they  rise  from  inferior  grades,  and  consequently  have  amply 
proved  their  ability  to  distiuguiah  signals."  It  was  therefore  of  extreme 
importance  to  endeavor  to  obtain  at  once  positive  assurance  on  this 
point  The  opportunity  soon  presented  itself.  Mr.  Jacobsson,  saperin- 
tendent-in-cbief  of  the  Up8ala-ti«&e  line,  invited  roe  to  accompany  him 
in  a  tour  of  inspection  to  examine  all  the  employes  under  his  con- 
trol. The  trip  was  made  in  a  special  car;  we  left  Upsal  the  7th  of 
September,  and,  to  make  our  ineprction,  halted  at  every  station  and 
pie-keeper's  and  guardhouse.  lu  brief,  we  stoppedat  eveiy  place  where 
an  employ^  could  be  fonud.  The  investigation  was  concluded  at  Gefle, 
the  8tb  of  September.  The  entire  personnel^  men  and  women,  number- 
ing 266  individuals,  waa  examined.  We  discovered  amongst  these 
thirteen  color-blind  men,  that  is,  4.8  per  cent. ;  six  were  completely  green- 
blind,  aud  seven  incompletely  blind.  They  were  distributed  as  follows, 
with  reference  to  their  functions :  one  station-master,  one  engineer,  two 
conductors,  one  foreman,  two  workmen  (one  a  supernumerary),  two 
overBeers(one  a  sapemnmerary),  two  way -guards,  one  porter  (messenger), 
and  one  journeyman  engineer.  Immediately  after  the  examination,  the 
general  superintendent  discharged  all  who  were  completely  green-blind. 

This  first  inspection  was  in  many  respecta  very  interesting.    It  showed 
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that  the  method  of  inspection  could  be  used  and  was  expedieot  for  rail- 
ways. Moreover,  it  proved  that  there  really  were  coior-bliDd  ia  almost 
every  grade  of  service  of  a  Swedish  railway,  and  this  without  there 
having  been  the  slightest  snspicioo  of  it,  which  confirmed  my  opinion  of 
the  ntility  and  importance  of  enabling  those  employed  on  railways  to 
convince  themselves  de  vUu  of  tbe  nature  of  color-blindness  and  of  ita 
practical  valae  to  railways. 

Belying  npon  the  experience  I  had  jast  acquired,  I  wrote,  September 
25,  to  the  royal  directors  of  tbe  state  railways,  and  called  attentioD, 
amongst  other  matter8,to  the  necessity  of  establishing  a  systematic  cod- 
trol  over  the  sense  of  colors  amongst  railway  officials,  and  requested  at  tbe 
same  time  permission,  iq  the  presence  of  the  directors,  or  a  person  desig- 
nated for  the  parpose,  to  examine  tbe  officials  attached  to  any  railway 
whatsoever  for  the  purpose  of  convincing  the  directors,  in  a  practical 
manner,  of  tbe  trae  nature  and  importance  of  tbe  question.  At  this  time 
the  directors  bad  already  issued  orders  that  as  incapacity  to  distiugaish 
primitive  colors  closed  the  avenue  to  railway  employment,  tbe  physi- 
cians attached  to  the  different  lines  mnst  examine  all  applicants,  and 
that  heads  of  sections  mnst  afterward  examine  into  whether  any  of 
their  subordinates  were  incapable  of  distinguishing  these  colors,  in  tbe 
ase  of  flags  and  ordinary  signal-lights,  in  any  way  which  seemed  pro- 
per to  them.  On  the  other  hand,  however,  debates  and  experiments  on 
color-blind  individnals,  at  the  Fbysiological  Institute  of  ITpsal,  had 
enabled  me  to  succeed  in  interesting  in  the  question  several  persons  at- 
tached to  railways,  and  amongst  them  all  the  directors  of  the  Upsal- 
Gefle  tine. 

In  another  letter  to  the  royal  directory,  dated  October  8, 1  invited 
the  memt>er3  to  be  present  at  one  of  these  experiments,  to  be  able  to 
form  a  better  judgment  of  the  question.  Two  engineers  of  the  rail- 
way presented  themselves  October  11,  and  on  the  13th  tbe  chief 
director,  Mr.  Troilius,  came  in  person.  From  this  day  success  seemed 
assured.  As  early  as  October  16,  the  directors  ordered  that  a  physician 
from  each  district,  and  as  many  more  as  should  desire,  should  assemble 
at  my  offiee  at  an  appointed  time,  to  acquaint  themselves  with  the 
methods  that  I  would  explain  to  them  relative  to  the  examination  of 
cases  of  color-blindness  amongst  the  railway  personnel.  In  consequence 
of  this,  at  (be  appointed  time,  October  24,  twenty-six  physicians  at- 
tached to  raUways  assembled  in  tbe  Amphitheater  of  Physiology  at 
Upsal,  and  also  thirty-two  individuals  employed  on  railways,  amongat 
whom  were  the  beads  of  nearly  all  the  lines  belonging  to  the  private 
companies  of  the  country. 

iNovember  9,  the  managers  directed  tbe  physicians  of  the  lines  to 
proceed  gradually,  and  according  to  my  method,  in  the  examination  of 
all  the  men  then  employed  on  railways.  Those  of  the  physicians 
who  did  not  understand  this  method,  added  tbe  circular,  should 
study  it,  either  with  me,  or  with  one  of  the  physicians  who  had  been 
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preBent  at  my  lectures  on  tbe  sabjeet ;  and  finally  the  BBperinteadents 
most  seod  a  report  of  the  resalt  of  thia  examination,  saggest  measores 
to  be  t^eD,  and  in  certain  cases  apply  those  that  oiroamatanoes  might 
leqaire.  In  this  way  the  reform  waa  aetaally  iutrodaoed  on  the  rail* 
vajs  of  the  state.  The  example  was  soon  followed  by  tbe  private  oom- 
paoies  (we  do  not  know  of  a  single  exception),  and  altboagb  all  the  re- 
ports have  not  been  returned  {Febrnary,  1877),  and  eonseqnently  the 
reanlt  is  not  yet  perfectly  kDowo,  we  mig^t  assert  that  the  examination 
itself  is  flniabed  erery  where,  in  an  almost  if  not  entirely  thorongh  man- 
ner. Every  case  dnring  the  examination  prooonnced  donbtfal  in  the 
diagnosis,  or  where  donbt  existed  abont  tbe  measures  to  take  with  re- 
gard to  it,  has  been  reported  to  me.  Sweden  ia  consequently  the  first 
and  only  coantry,  as  we  see,  where  tbe  control  in  qnestion  has  been  geo- 
eially  adopted,  and  applied  according  to  determined  principles. 

We  have  enlarged  to  some  extent  on  the  manner  in  which  this  matter 
has  been  snocessivety  accomplished  in  oar  country,  not  simply  to  give 
OUT  experience  on  the  sabjeet,  hot  rather  that  aneh  details  seem  to  ns  to 
elnddate  the  qnestion  occupying  ns.  This  will  be  clearly  evident  if  we 
compare  other  oonntries  with  onr  own  with  regard  to  this.  Let  as  recall 
the  following  fhcts:  In  England,  color-blindness  has  I>een  known  for  a 
century,  and  for  more  than  twenty  years  a  strict  control  over  the  sense 
of  color  amongst  railwayemploy^s  and  sailors  has  been  demanded.  In 
France,  a  physician  attached  to  a  railway  has  been  for  a  long  time  inter- 
ested in  color-blindness  amongst  its  employes,  and  has  been  endeavor- 
ing for  at  least  three  years  to  introduce  a  general  oontrol  on  railways,  in 
the  navy,  and  in  schools.  Finally,  in  Germany,  oolor-blindness  has 
been  for  a  long  time  a  subject  of  scientific  study,  where  the  necessity 
of  a  control  of  the  railway  officials  has  been  urged  by  a  number  of 
people  of  late  years.  Well,  we  have  seeu  that  in  spite  of  all  tJiis,  not  one 
of  tiieae  oonntries  has  yet  decreed  or  introduced  a  general  control  on 
railways  and  in  the  navy.  In  Sweden,  on  the  other  band,  where  color- 
blindness had  scarcely  been  mentioned  autil  the  last  few  years,  and 
where  a  proposition  to  examine  railway  officials  was  only  pablicly  made 
July  U,  1876,  and  referred  to  directors  of  railways  September  26,  of  the 
Bame  year,  this  important  reform  may  be  already  regarded  (Febrnary, 
1S77)  as  actually  and  thoroughly  established,  in  all  essential  details,  on 
the  entire  system  of  reilways  tbronghont  our  country.  To  complete  onr 
data,  it  may  be  added  that  since  November  12, 1876,  tbe  king  has  issued 
onters  that,  at  the  time  of  a  general  review  of  the  fleet,  every  man  sbonld 
be  examined  with  reference  to  color-blindness.  This  result  is  so  traly 
remarkable  that  we  cannot  refrain  from  endeavoring  to  discover  the 
probable  explanation  of  tbe  unexampled  rapidity  with  which  it  has  been 
reached  in  oor  oonntry.  The  explanation  does  not  seem  to  us  difficult. 
In  oar  c^ioion,  it  is  chiefly  owing  to  two  cirenmstances :  one  is  the 
method  employed,  which  is  not  only  accurate,  as  well  aa  simple  and 
npid,  but  effects  so  palpable  a  result  that  the  most  skeptical  observer 
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is  strack  b;  it ;  tbe  other  oiroamstaDoe  Is  the  maoner  ia  which  the 
knowledge  of  tbe  metbod,  as  well  as  the  principles  for  the  introdacHon 
of  An  official  control,  has  been  spread  throaghoat  onr  coantry.  This 
publicity  was  not  leached  in  tbe  nsnal  way,  tbroogh  tbe  mediam  of 
books,  bnt  by  oral  exposition,  practical  application,  and  de  visu.  Oat 
idea  is  conBrmed  by  the  fact  that  this  personal  iodaeDce  ia  recognized 
in  the  oases  brought  to  onr  knowledge  in  England  and  France,  where 
tbe  scrutiny  and  control  over  tbe  sense  of  color  amongst  tbe  pertMMl 
oi  railways  baa  been  introduced,  particularly  on  the  Great  Nortbem 
Bailway  of  the  flrst-named  conntry,  and  the  PariaLyons-Mediterra- 
iiean  line.  But  even  without  this  sapport,  onr  experience  would  snffi- 
ciently  convince  ss  that  it  ia  important,  if  not  necessary,  to  explain  tbe 
qnestioQ  orally  and  de  vitu  to  the  physicians,  and  especially  to  railway 
employes.  Speech,  in  such  cases,  baa  an  andoabted  advantage,  Bod 
onr  experience  of  the  l<ist  months  of  1876,  when  the  Amphitheater  of 
Physiology  at  Qpsal  waa  often  the  resort  of  physicians,  railway  officials, 
and  iadividnals  afflicted  with  color-blindness,  proves  to  na  that  (bis 
kind  of  commaoication,  especially  in  snob  a  case  as  that  now  before  db, 
gndoabtedly  exerta  a  more  powerful  iodnence  than  tbe  best  written  book. 

Tbe  warm  interest  with  which  the  question  has  been  followed  np  b; 
the  jonmala  is  too  important  a  circumstance  to  be  forgotten,  yot  only 
has  tbia  kept  tbe  public  on  tbe  alert,  but  tbe  movement  begno  by  ns 
baa  been  contioned  io  other  conntries.  Immediate  effects  were  visi- 
ble amongst  our  neighbors.  In  Finland,  Dr.  L.  Krohn,  who  acquainted 
himself  by  correspondence  with  the  method  and  principles  used  in 
Sweden,  has  already  examined  the  railway  ofBcials  of  hia  country.  A 
locomotive  and  ambalauce  were  placed  at  his  disposal  for  examiniog 
the  peraoanel  tbe  whole  length  of  the  line.  All  was  accomplisbed  in 
twelve  days.  He  discovered  amongst  twelve  hundred  individuals  exam- 
ined, Bixty  color-blind,  that  ia,  5  per  cent.  Tbey  were  distributed  as 
follows:  four  red>bliod;  twenty-five  green-blind;  and  thirty-one  incom- 
pletely blind. 

We  have  as  yet  heard  of  no  reanlts  from  our  method  in  Denmark  and 
Korway,  but  the  question  is  there  under  serious  examination,  as  tbe 
Physiological  Institute  of  Upaal  has  been  viaited  on  different  occaBions 
by  two  Danish  physicians,  Dr.  Slidelin  and  Dr.  Fonteoay,  sent  by  the 
railway  managers  of  Zeeland,  and  by  Mr.  Hagen,  assistant  at  tbe  Physi- 
ological Laboratory  of  Ohriatiania,  sent  by  tbe  Medical  Board  of  Norway 
at  the  suggestion  of  Professor  Worm-MUIIer.  I  have  thus  had  tbe 
pleasure  of  explaining  to  them  the  method  of  examination  as  well  as  the 
practical  principles  and  mlea  I  propose  to  communicate  in  this  work. 

n.— THE  NATUEE  OF  COLOR-BLINDNESS. 

It  is  not  my  intention  to  treat  this  qnestion  in  a  thorough  manuer, 
but  simply  to  mention  what  ia  esaential  to  tbe  practical  end  in  view. 
It  has  been  known  for  a  long  time  that  every  one  does  not  possess 
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Sie  power  of  dUtingniflhiiig  colors  in  tbe  same  mauner,  and  that  some 
exhibit  a  dirergeaoe  of  snoh  anatara  as  to  excite  snrprise  and  amtue* 
nient.  The  confaaioa  of  green  and  red  ia  ver;  conuaon.  Bat,  in  many 
JDstaDces,  the  difflcalty  coDsists  merely  in  discrimiaating  between  deli- 
cate shades,  while  the  principal  colors  are  easily  distingaisbed.  How 
shall  we  explain  all  this;  how  find  tbe  relation  existing  between  the 
Donnal  sense  of  colors  and  the  abDormal ;  and  where  most  tbe  limit  be 
dnwnf 

1. — THEOBETIOAL  SEBTOH. 

Every  one  knows  that  a  radiant  body  creates,  tbronghoat  tbe  etber 
which  snrroands  it,  nndnlationa  which  .are  propagated  in  every  direction. 
When  these  andalations — whether  they  proceed  directly  in  right  lines 
from  the  radiant  body,  the  saa  for  example,  or  whether  they  are  reflected 
by  some  interrening  body  enooontered  in  their  conrse— come  in  contact 
with  special  organs  of  sense,  tbey  prodaoe  certain  corresponding  changes, 
which,  in  tbeir  torn,  excite  certain  perceptions  in  oar  mind.  If  the  nn- 
dnlationa come  in  contact  with  our  sfaio,  we  experience  the  sensation  of 
heat;  if  tbey  strilce  the  retina,  that  of  light.  It  is  conseqaently  onr  own 
bniu  that  prodnces  both  light  and  heat,  resnlting  from  certain  changes 
that  take  place  in  oar  organs  of  sense  (the  retina  or  the  skin),  altbongb 
by  these  names  we  designate  the  external  cause,  when  we  say  that  the 
n;B  of  light  and  heat  proceed  from  the  incaadescent  body.  Nevertbe- 
le«,  to  thorongbly  understand  this  fact  it  is  necessary  on  the  one  hand 
to  diatingnish  between  light  and  heat  in  aa  objective  sense,  which  are 
Tirtnally  tbe  same  thing,  that  is  to  say,  andalations  of  the  ethereal 
mediam ,:  and,  on  tbe  other  hand,  between  light  and  heat  in  a  subjective 
Benae,  which  are  sensations  of  an  altogether  different  kind.  We  have, 
in  tbe  first  place,  here  to  consider  onr  perceptions,  and  as  their  most 
immediate  canse  is  fonnd  in  a  modifioatiou  or  activity  of  our  own  oignoa 
of  aense,  whatever  be  tbe  external  cause,  it  is  clear  that  we  must  seek 
the  explanation  of  all  Inminons  phenomena  in  onr  special  organism — 
the  optic  nerve;  comprehending  by  that  term  tbe  retina,  tbe  optic  nerve, 
and  those  portions  of  the  brain  with  which  they  communicate. 

If  all  tbe  andalations  of  the  luminoas  ethereal  medium  were  exactly  of 
the  same  nature,  or,  on  tbe  contrary,  if  all  the  elements  of  oar  optic 
apparatQB  reacted  in  the  same  way  on  every  kind  of  nndulations  of  the 
ethereal  mediam,  we  could  with  difBcalty  imagine  sensations  of  light  of 
a  different  natnre.  Every  specific  activity  of  onr  apparatus  of  the  optic 
aerve  would  produce  a  perception  of  light  which  would  vary  in  degree, 
bat  not  in  quality.  We  could  have  no  conception  of,  according  to  the 
eases,  a  light  of  different  kinds,  that  is  to  say,  of  color.  But,  on  tbe  one 
hand,  the  science  of  physios  teaches  that  the  nndulations  of  ether  are 
of  various  kinds,  differing  in  the  rapidity,  and  conseqaently  in  tbe  length 
of  the  waves ;  and,  on  tbe  other  hand,  the  subjective  qualities  of  light, 
01  onr  perceptions  of  color,  fall  within  the  range  of  our  daily  experieace. 
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It  MoBgs  to  theory  to  dlacover  the  law  regalatiDg  Uieee  two  fboton. 
All  the  qaalities  of  Hght  rnnat  depeud  apon  ftiDotlonal  diffbrenoes  of  the 
elemeDts  of  the  orgaa  of  the  optfo  nerve.  A  neoesBar;  alteraative  is, 
eitlier  this  orgoa  has  bnt  one  klad  of  dements,  ond  then  difTereiit  kinds 
of  aodtilatioDS  of  the  ethw  indace  it  to  act  ander  difTeroit  fonns,  or  else 
thwe  are  several  blndB  of  elemeats  or  termiDal  organs  ia  the  retina  or 
in  the  braiD,  which  always  aotrespeotivelyiDthesameway,  whUedifier- 
ing  from  each  other.  This  latter  hypothesis  accords  better  with  all  we 
know  otherwise  of  the  ph^-siology  of  the  aervoua  system,  and  is  virtually 
but  J.  Miiller's  principle  of  the  specific  energies  of  the  senses  applied  in 
detail  to  the  sense  of  sight  It  is  also  oq  this  last  hypMheeis  tiiat  the 
Toang-HelmhoItB  theory  is  based. 

The  following  ia  the  principle  npon  which  tiiis  theory  explains  the 
laalities  of  light  or  colors.  When  one  kind  of  element  aloue  is  eidted 
or  set  in  motion,  or  when  all  are  simaltaneoasly  excited,  bat  one  in  a 
higher  degree  than  the  rest,  oar  sensation  takes  hold  of  that  element  as 
the  qoality  ot  the  light,  as  the  colored  tight  or  color,  and  parUenlarly  the 
cardinal  or  primitive  color,  which  corresponds  specifically  to  the  excited 
element.  If  there  are  several  kinds  of  elements,  and  only  two  of  these 
are  excited  or  nxwe  excited  than  the  rest,  we  see  the  light  colored,  bat 
of  a  color  which  oonstitntes  the  combination  of  the  two  colors  CMre- 
sponding  to  the  excited  elements.  It  is  clear  thai  the  principle  on  which 
this  reasoning  is  based  gives  room  for  the  admission  of  as  many  difi'er 
ent  elements,  and,  oonseqaently,  primitive  colors,  as  coold  be  desired. 
At  all  events,  it  resalts  fh>m  the  principle  that  when  all  the  kinds  of 
elements,  whether  there  be  one  or  several,  are  excited  simaltamwasly 
vitb  the  same  force,  there  is  no  possibility  of  perceiving  the  qnality  of 
light  We  then  see  bat  a  Mgbt  in  general,  in  contradistinction  to  the 
absence  of  light  or  darkness ;  in  other  terms,  we  see  a  colorless  light,  or, 
as  it  is  called,  a  wMte  light,  and  Incorrectly  a  white  color.  It  follovs 
therefore  thnt  when  one  element  is  principally  excited  while  the  rest 
are  also  excited,  but  in  a  less  degree,  the  perception  of  the  specific 
quality  of  the  light  is  feeble  in  proportion  to  the  degree  of  exoitatioo 
of  the  other  elements,  since  this  effect  of  their  excitation  mnsC  be,  in 
shori,  like  a  mixture  of  colorless  lights  or  white  relatively  to  the  color  in 
question. 

Let  as  now  see  how  tbe  Toong-Helmholtz  theory  applies  the  [H-inciple 
we  have  just  explained.  It  recognizes  three  cardinal  colors,  red,  grfot, 
and  violet,  and  consequently  three  kinds  of  corresponding  elements  in 
the  organ  of  the  optic  nerve;  elements  respectively  perceiving  red, 
green,  and  violet  When  tbe  perceptive  element  of  red  is  excited  alone, 
or  in  a  greater  degree,  we  experience  tbe  sensation  of  red,  and  so  on. 
Diffierent  kinds  of  nndnlations  of  tbe  ethereal  mediam  excite,  in  difi^r 
ent  degrees,  the  different  elements,  bnt  in  snch  a  way,  however,  that 
all  excite  in  some  measure  each  of  these  elements. 

Without  attempting,  from  a  scientific  point  of  view,  to  explain  the  dif- 
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ferent  hinds  of  ol^eotiTe  ligbt  in  tlie  len^  of  th«  wave,  in  the  practical 
mane  ws  are  pnrBniitjr  here  it  18  -mooh  more  oonvenieDt  to  deuiniate 
tbeni  by  the  efBeot  they  exert  on  the  normal  senae  of  oolwa.  With 
this  explanation  ve  vill  then  praoeed  to  apeak  of  red,  ereen,  and  violet 
light,  and  80  00,  meaning  thoae  ethereal  vaves  vbioh  differ  in  length,  in 
dntaUon  of  ondnlations,  in  refraogibility,  etc 

The  earnest  and  most  convenient  means  of  describing  the  relatioos 
existing  between  the  kinds  of  objective  light  and  tiie  excitability  of  the 
diftoBnt  elemeota,  or,  in  other  words,  of  the  different  kinds  of  subjective 
light,  will  be  to  oonstmot  a  diagram  in  which  the  corves  indicating  the 
different  kinds  of  light  will  be  traced  on  an  abscissa  according  to  the 
order  in  which  tbey  are  presented  in  the  solar  spectrom,  and  those 
whi<^  indicate  the  excitability  of  the  respective  elements,  or  rather  the 
intensity  of  the  sensation  of  colors,  will  be  expressed  by  the  ordinate.  To 
save  space,  and  more  easily  to  comprehend  the  whole,  we  have  drawn 
the  onrves  of  intensity  of  the  different  elements  on  the  same  abscissa, 
which  oonseqaently  serves  for  each  one  of  them. 

Figure  1  represents  this  diagram,  showing  the  normal  sense  of  colors. 
The  spectra  colors  are  here  fonud  placed  horiztHitally  in  the  natural 
order,  beginning  with  the  red  (B,),  and  finishing  with  the  violet  (V.); 
the  three  cnrves  of  exeitability,  namely,  Ist,  that  of  the  organ  perceiv- 
ing red ;  2d,  that  of  the  perceptive  organ  of  green ;  and,  3d,  that  of  the 
oi^an  perceiving  violet ;  these  carves  indicate  tbe  maaoer  in  which  the 
different  systems  of  wares  of  solar  light  act  on  each  of  the  three  ele- 
ments sensible  to  light. 

Fio.  1. 


According  to  these  carves,  tbe  homogeneous  red,  fhnn  tlie  extremity  of 
tbe  speotmm  to  beyond  the  orange,  affects  the  perceptive  elements  of 
red  strongly,  in  a  mooh  less  degree  those  of  green,  and  still  less  those  of 
violet.  From  this  resnlts  the  sensatiOH  of  red,  which  is  transferred  more 
uid  mote  into  orange  in  proportion  to  the  increase  of  the  exdtotion  of 
tbe  perceptive  elements  of  green.  Homogeneoos  T/eUow  intensely  excites, 
sad  almost  in  the  same  degree,  the  perceptive  elements  of  red  and  green, 
while  only  fleebly  affecting  the  perceptive  elements  of  violet.  Hence,  the 
seasation  of  yellow,  which  is  a  combination  of  red  and  green.  Orwa 
light  strongly  excites  the  perceptive  elements  of  green,  and  very  feebly 
and  almost  eqoally  the  two  other  elmMnts.  Hence,  the  sensation  of 
green.  -  Homogeneoos  hive  ex<dtefl  quite  strongly  and  aliaost  equally  the 
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perceptive  elements  of  green  and  Tiolet,  bat  feebl;  those  of  red.  Heoce, 
the  BenaatioD  of  blue,  which  !s  a  oombinatjon  of  violet  and  green.  Violet 
tight  poverfolly  affects  the  peraeptlve  elements  of  violet  and  feebl;  the 
two  others.    Hence,  the  sensation  of  violet. 

These  carves  enable  na  to  explain  easily  the  colors  of  the  speotrnm  by 
the  theory.  We  find  in  what  proportion  eaob  one  of  the  three  fandamen- 
talpercepttonsentersintoitby  measaringthe vertical  distance  thimtbeic 
place  on  the  horizontal  line  (abscissa]  to  the  corresponding  points  of  each 
of  the  three  corves.  It  is  then  seen  that  there  is  no  color  of  the  spectmm 
into  which  bat  one  primitive  color  entersexcl naively.  The  two  others  also 
famish  their  oontiogent.  Nooneisthereforeperfectly"Batarated."  They 
are  more  or  less  spread  with  white,  and  green  is  the  least  sensibly  <'8at- 
orated,"  or  more  whitish.  The  carves  also  show  as  tliat  yellow  and  bloe 
are  at  the  same  time  whitish  colors,  and  the  most  intensely  laminoas  in 
the  whole  spectnim.  Wheo  we  again  add  that  a  color  "  satarated"  in 
almost  the  same  degree  as  the  other  spectral  colors,  proceeds  fh)m  the 
homogeneooB  combinatiou  of  red  and  violet,  that  is  to  say,  parple,  and 
its  whitish  shade,  pink,  we  shall  have  said  all,  theoretically,  that  we 
bare  to  say  in  relation  to  the  normal  chromatic  sense. 

To  explain  the  abnormal  sense  of  colors  by  the  theory  of  the  normal,  we 
can,  in  advance,  conceive  varioas  possibilities.  Let  ns  suppose  that  one 
of  the  three  fandamental  perceptions  is  wanting,  or  that  one  of  the  prim- 
itive colors  is  absent;  it  is  clear  that  the  whole  chromatic  system  will  be 
opset.  It  is  evident,  therefore,  that  this  system  most  be  completely  dir- 
fereot,  according  to  the  absence  of  one  or  the  other  of  the  three  primi- 
tive colors.  It  is  virtoolly  jost  in  this  way  that  it  has  been  attempted 
to  expldn  oases  of  a  strongly  marked  defect  in  the  chromatic  sense,  or 
gennine  types  of  bliadaess  to  color,  foand  in  real  life.  The  term  color- 
blindness  has  been  justi&ed  by  this,  as  it  indicates  in  each  case  a  genaine 
blindness  to  one  of  the  cardinal  colors.  In  this  way,  therefore,  we  dis- 
tiugnish,  according  to  the  kind  of  element  wanting,  three  classes  of 
blindness : 

Ist.  Bed-blindness. 

2d.  Qreen-blindness.^ 

3d.  Yiolet-blindness. 

We  shall  see  that  the  Toang-Helmholtz  theory,  as  we  have  explained 
it  far  from  being  contradicted,  as  has  been  recently  claimed,  by  the 
phenomenon  of  color-blindness,  finds  in  it,  on  the  contrary,  a  sopport, 
and  this  theory  most  certainty  famishes  the  best  guide  for  attaining 
the  practical  end  in  view  for  which  we  intend  to  nse  it.  Let  ns,  in  the 
first  instance,  cast  a  rapid  glance  over  the  diflferent  kinds  of  typical  aod 
complete  blindness  to  colors,  as  their  featnies  are  presentod  by  the 
theory.  This  sketch  will  be  singalarly  facilitated  by  the  ase  (^  the  same 
kind  of  cnrves  employed  in  illnstrating  the  normal  sense  of  colors. 

1.  According  to  the  theory,  blindness  to  red  is  due  to  the  absence  or 
paralysis  of  the  organs  perceiving  red  (fig.  2).    Bed-blindness  has  then 
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bnt  two  fdndamentat  ootoro,  which,  adbering  strictly  to  the  theory,  are 
gnm  and  violet  (blue  according  to  Maxwell). 


The  corres  distinctly  show  what  aspect  the  varioaa  kinds  of  lights  of 
the  spectram  mnst  have  for  the  chromatic  sense  snch  as  the  one  we 
have  in  view.  We  will  give  a  short  list  of  them,  according  to  Helm- 
holtz,  by  designating  here  the  different  kinds  of  lights,  as  we  did  betbre, 
that  is  to  say,  by  nsing  terms  borrowed  from  the  impressions  they  pro- 
duced on  the  normal  chromatic  sense ;  the  comparison  will  not  be  with- 
out interest. 

"Spectral  red,  which  feebly  excites  the  perceptive  organs  of  green, 
and  scarcely  at  all  those  of  violet,  moet  conseqaently  appear  to  the  red- 
bliDd  a  ^aeaurated*  green  of  a  feeble  intenaitg,  more  'satnrated'  than  nor- 
mal green,  into  which  a  sensible  portion  of  the  other  primitive  colors 
eote'^.  Feebly  luminous  red,  which  affects  the  perceptive  organs  of  red 
ID  ft  normal  eye  sufficiently,  does  not,  on  the  other  hand,  sufficiently 
excite  the  perceptive  organs  of  green  in  the  red-blJnd,  and  it,  therefore, 
Beema  to  them  black.  Spectral  yelloio  seems  to  them  a  greets  'saturated' 
and  intenseiy  luminoug,  and  as  it  constitntes  the  precisely  satnrated  and 
very  intense  shade  of  that  color,  it  can  be  understood  how  the  red-blind 
select  the  name  of  that  color,  and  call  all  those  tints  that  are  properly 
speaking  green,  yellow.  Green  shows,  as  compared  with  the  preceding 
colors,  a  more  sensible  addition  of  the  other  primitive  colors;  it  then 
ftppeara,  consequently,  like  a  more  intense  bnt  whitish  shade  of  the 
same  color  as  yellow  and  red.  The  greatest  intensity  of  tight  in  the 
spectrnm,  according  to  Beebeck'a  observationB^  does  not  appear  to  the 
red-blind  to  be  in  the  yellow  region,  as  it  does  to  the  normal  eye,  but 
raUier  in  that  of  the  blue-green.  ly  reality,  if  the  excitation  of  the  per- 
ceptive organs  of  green,  as  it  was  necessary  to  assume,  is  strongest  for 
green,  the  maximum  of  the  total  excitation  of  the  red-blind  mnst  be 
found  slightly  toward  the  bine  side,  because  the  excitation  of  the  organ 
perceiving  violet  is  then  increased.  The  white  of  the  red-blind  is  nata- 
ntlly  a  combination  of  their  two  primitive  colors  in  a  determinate  pro- 
portion, a  oombination  which  appears  bine-gray  to  the  normal  sight ; 
this  is  why  he  regards  as  gray  the  spectral  transitition  colors  from  green 
to  blue.  Then  the  other  color  of  the  spectrum,  which  they  call  ftltw,  pre- 
ponderates,  becanse  indigo-blue,  though  somewhat  whitish,  according 
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to  tb«r  obiomatio  aeaae  is  to  ttaem,  owlog  to  Its  Imtonaity,  ■  man  eri- 
dent  representative  of  tbat  oolor  tiuui  Tiolat." 

This  description  of  ttie  manner  in  which  the  red-blind  fonne  a  con- 
ception of  the  different  hinda  of  light  of  the  Bpeotrnm  ia  assnredly  a 
conclusion  logioally  dedaoed  ih)in  the  theory,  bat  it  accords  so  well,  at 
the  same  time,  with  the  ezperienoe  acqaired  in  examining  the  ccdoc- 
hliod,  tbat  this  might  pttfeotly  serve  to  snpport  and  corroborate  the ' 
theory.  We  will  simply  add  a  point  for  onr  especially  practical  porpoM, 
or  rather  emphasize  one  point  of  this  theory.  In  tact,  it  is  clear  that  a 
red  and  green  light  especially  excite  one  and  the  same  elemeot  in  Uie 
red-blind.  A  ray  red  and  green,  or  an  object  red  and  green,  to  the  d<hn 
mat  sense,  most  seem  fnndamentolly  to  the  red-blind  to  be  the  same  color, 
and  if,  in  especial  cases,  be  linowB  bow  to  discriminate,  bis  Jadgrneot 
is  simply  guided  by  the  intensity  of  the  light.  The  intensity  of  light 
is  mnoh  more  feeble,  as  shown  by  fig.  2,  in  red  than  In  greeo.  If  tfaeo 
a  red-blind  indiridnal  finds  that  a  red  and  green  tint  are  exactly  alike, 
it  is  necessary  that  the  green  be  to  the  normal  eye  much  less  intense 
than  the  red.  This  is  distinctly  shown  by  the  vertical  dotted  liim 
between  B.  and  O.,  and  also  between  Y.  and  G.,  in  fig.  2,  and  this  ia 
entirely  oonfirmed  by  experience. 

2.  Green-bKndneM  derives  its  origin,  according  to  the  theory,  from  the 
absence  or  paralysis  of  the  perceptive  elements  of  green.  The  green- 
blind  has  therefbre  bnt  two  foodamental  colors,  that  is — still  doeel; 
adhering  to  the  theory— red  and  violet  (bine  according  to  Maxwell). 
The  spectrmn  for  green-blindness  shoald  be,  according  to  tbe  theory, 
constmcted  .hi  tlie  following  manner: 

FM.3. 


The  spectral  red,  which  strongly  excites  the  perceptive  organs  of  red, 
and  but  very  fointly  those  of  violet,  mnst  therefore  appear  to  the  green- 
blind  as  an  extremely  "satnrated"  red,  bnt  of  a  light  somewhat  less  hi- 
tense  than  the  normal  red,  which  is  oomparativdy  more  yellowish,  as 
green  fbrms  a  part  of  it.  The  spectral  oroit^is  again  a  very  "  satorated" 
red,  hat  mnch  more  Inmlnoas.  Yellow  is  nndonbtedly  a  more  intensely 
Inminons  rod  than  the  spectral  red,  bat,  on  tbe  other  hand,  mote  whit- 
ish, becaose  a  sensible  portion  of  the  other  primitive  color  enters  into  it. 

Green,  with  its  shades  incHning  to  yellow  and  bhie,  onght,  oorrectty 
spealdng,  to  be  a  "satnrated"  parp4e  and  witii  a  mean  inteniilyof 
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light,  bat  it  is  tbe  wliite  (gray)  of  the  gFcea-blind,  for  it  is  oompMed  of 
almost  eqoBl  puts  of  tbe  two  primiti've  oolon. 

Tbe  Mm  i«  AD  iBteaae  vioLet,  bat  a  little  leas  ^'satnnted'*  than  indigo, 
whi^  is  ■HHc«tnH>gly  InmiDons  and  more  "  saturated."  Violet  is  a  little 
lees  intUBe,  bat  more  "satarated"  than  normal  yiolet  The  tints  most 
iDtaiDonaand  at  the  aatoe  time  most  "satnxated"  vhiob  most  oonstitute 
the  i^fp^o^tha  primitive  colors  of  the  green-blind  are  orange  or  its  im- 
mediate neighbor  in  tIteBpeotram,red,«Qd)ndig(>-blae.  Nowonuigeisa 
color  which,  in  ordinary  language,  especially  amongst  the  nncolUTated 
and  onpractieed,  is  indieorimiDately  called  red  and  yellow ;  this  fact 
explains  why  the  geeen-blind  desominate  their  first  fondamental  color 
sometimes  "red"  and  sometimes  "yellow."  We  will  add  to  this  descrip- 
tion tiie  same  remark  made  aboat  red-blindness.  In  greenrblindness 
the  same  otgan  is  also  fimnd  affeoted  by  spectral  red  and  green  light. 
Bed  and  green  are  then  peroeived  by  the  green-blind  in  the  same  way, 
or,  in  other  words,  are  to  him  in  &ot  exactly  tbe  same  color.  In  oases 
where  he  snooeeds  in  distingnishing  them,  it  is  by  the  aid  of  the  inten- 
si^  of  the  light ;  bat  with  regard  to  this  intensity  of  light,  it  is  the  op- 
posite of  what  oooars  in  the  case  of  the  red-blind.  A  green  tint  which 
to  the  green-blind  must  appear  exactly  like  a  red  one,  to  a  normal  sense 
of  color  most  be  sensibly  more  Inminoas  than  red.  This  is  shown  by 
the  dotted  vertioal  lines  between  B.  and  O.  and  also  between  T.  and  G. 
(fig.  3),  and  is  oonflrmed  in  every  respect  by  experience. 

3.  Violet-biiMdMia  {or  bine  according  to  Maxwell)  is  dne,  aocordiog 
to  the  theory,  to  the  absence  or  paralysis  of  tbe  dements  perceiving 
violet  The  two  primitive  colors  of  the  violet>blind  ate  then,  according 
to  tbeoi^,  red  and  grmn,  Tbe  ^>eetrun  of  tbe  violet-blind  must  in  conse- 
quence be  r^nesented  as  follows : 


!nie  rod  is  a  purer  red  color  (not  yellowish)  than  normal  red,  bat  still 
lees  "satorated";  tbe  more  it  inclines  toward  orange  the  more  strongly 
laminoos  it  is,  bat  is  at  the  same  time  less  "satorated,''  more  whitish. 
The  ]r«Qow  is,  as  it  were,  a  combination  of  almost  equal  proportions  of 
the  fbndamental  colors  that  form  white.  Green  is  a  strongly  Inminoas, 
bnt  whitish  green,  which  in  tendbig  toward  the  blue,  becomes  more  and 
more  "  satorated,"  so  that  greeoish  bine  most  be  the  ^pe  of  these  hues, 
fnie  blue  is  a  green  of  moderate  Inminesity  and  strongly  "  satarated**, 
and  vMifis  gteen  veiy  feebly  htmiaons,  but  also  "saturated  "in  a  much 
higher  degree  than  tba  normal.    A  violet  Strongly  Inmlnouk  is  suffloieat 
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to  indace  this  green,  bnt  a  feeble  violet,  altboagh  very  setiBible  to  the 
normal  eye,  is  black  to  the  color-btind  in  qnestlon. 

It  is  plain  that  the  Tiolet  blind,  whose  primitiTe  colors  ore  red  and  grees, 
do  not  oonftise  these  colors.  This  kiad  of  blindoese,  from  theezperimeDts 
made  so  for,  most  be  very  rare.  For  onr  part  we  have  not  sooeeeded  in  diB- 
covering  more  than  two  cases  agreeing  qnite  exactly  with  the  desciip- 
tioQ  given  by  the  theory,  while  the  first  two  kinds  are  comparatively 
veiy  common.  In  order  to  be  abnormal  it  is  not  necessary  that  a  senGe 
of  color  should  completely  folfl]  the  conditions  iDdicat«d  in  the  types 
we  have  jast  described.  We  might  perfectly  conceive  a  resultant,  net 
of  an  absolate  absence  or  of  a  complete  paralysis  of  one  kind  of  percept- 
ive  elements,  bat  solely  of  a  comparatively  very  low  excitability,  or,  if 
preferred,  of  a  mach  more  limited  namber  of  one  kind  of  elements,  act- 
ing on  the  retina,  as  compared  with  the  two  other  kinds.  It  is  very  easy 
to  constraot  carves  in  oonformity  with  this  idea,  and  not  less  easy  to 
arrange  in  this  manner  a  oontinnoas  series  of  transitions  and  gradaal 
forms  between  one  kind  ot  complete  color-blindneBS  on  one  side  and 
the  normal  chromatic  sense  on  the  other.  This  kind  of  defective  vision 
might  be  called  incomplete  oolor-Uindneaa,  to  distiognisb  it  from  complete, 
as  we  have  jast  characterized  the  three  different  kinds.  Onr  experience 
has  taught  as  that  the  intermediary  forms  agreeing  with  the  data  girea 
above  are  met  in  large  numbers  in  practice  and  of  very  different  degrees. 
These  are  the  forms  we  designated  nnder  the  common  appellation  of 
incomplete  color-blindness,  but  we  can  according  to  the  theory  still  con- 
ceive other  forms  of  a  defective  sense  of  color.  There  is  one,  amongst 
others,  which  has  at  command  only  one  of  the  three  kinds  of  elements. 
Such  a  sense  of  sight  is  not  properly  a  chromatic  sense.  For  it,  there 
exists  no  specific  difference  in  light,  that  is  to  say,  no  color.  Every  kind 
of  light  here  acts  as  if  on  one  element  alone.  This  is  why  the  single 
perception  of  differences  of  intensity  of  light  (quantity),  bnt  not  of  dif- 
ferences of  color  (quality),  is  possible.  This  condition  may  then  be 
designated  ander  the  name  of  total  color  blindness.  Several  cases  have 
been  mentioned  from  time  to  time,  bat  we  have  not  succeeded  in  find- 
ing a  single  one,  and  it  may  well  be  questioned  whether  snch  a  caee  has 
actoally  existed.  We  may  also  conceive  that  another  form  of  a  defective 
sense  of  color  arises  from  the  three  kinds  of  elements  being  uniformly  irf 
moderate  sensibility.  We  are  able  to  trace  the  following  diagram  (flg' 
5),  by  which  the  three  curves  simaltaneoosly  approach  the  abscissa,  nod 
are  flattened  in  snch  a  manner  that  the  vertices  disappear  the  first. 
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Ab  is  readily  observed,  green  is  then  precisely  the  color  vbich,  being 
ordinarily  the  most  whitish  of  the  primitive  colors,  is  the  first  to  lose  its 
qoality  of  "  eatarated"  color,  and  shades  into  gray.  This  mast  then  be 
the  exact  scheme  of  pathological  oolor-blindness,  according  to  the  theory, 
lo  bet,  we  have  fonnd  in  oar  examinations  a  large  nnmber  o£  cases  per- 
fectly hormonuing  with  this  scheme.  We  bare,  therefore,  classed  them 
under  the  head  of  inoomplete  eolor-bUndneu ;  and  this  from  essentially 
practical  reasons.  To  deBae  their  nature  according  to  the  theory,  it  is 
necessary  to  regard  them  as  a  particular  variety,  which  we  Hhall  call  a 
ftMtunieo/eolora.  We  are  not  of  coarse  able  to  decide  how  far  defects 
of  this  kind  shoold  be  considered  as  baviog  a  pathological  origin,  or 
whether  they  are  ever  congenital.  For  this  determinatioa  a  mnch  wider 
experience  In  this  particular  department  than  we  now  iweaess  ia  reqni- 
Bite,  for  reasons  to  be  given  hereafter.  This  kind  of  defect  in  the  sense 
of  oolor  leads,  If  we  fancy  it  carried  to  its  highest  degree,  or  in  snch  a 
oondition  that  all  the  elements  lose  seoBibility,  to  the  complete  absence 
of  perception  of  light,  that  is  to  say,  to  blindness,  strictly  so  called. 
Every  defect  in  the  sense  of  color  must  then  proceed  either  from  a  sensi- 
bility anomalously  reduced  to  a  complete  paralysis  of  one  or  several  kinds 
of  elements,  or  from  a  number  relatively  diminished  in  sensibility  to  the 
oomplete  absence  of  one  or  several  amongst  them. 

The  ezperieooe  acquired  by  an  examination  of  colors  in  different  parts 
o(  the  visual  field  elucidates  our  theory  of  color-blindness,  while  at  the 
aame  time  having  a  practical  valne.  The  following  is  the  manner  in 
which  this  examination  ia  condncted :  the  eye  is  fixed  upon  an  im- 
movable point ;  a  colored  object — for  example,  a  colored  paper  one  or 
two  centiinetres  (two  or  fonr-flfthe  of  an  inch]  square — is  slowly 
pused  from  the  side  of  the  visnai  field  toward  the  fixed  point  Thin 
experiment  is  performed  still  better  by  means  of  a  special  instrument, 
Forster'B  perimeter.  We  then  find  that  the  colored  surface,  of  any  color 
whatsoever,  appears  completely  colorless  at  the  extreme  periphery  of 
the  visual  field.  Surfaces  of  different  colors  exhibit  only  variations 
in  intensity  of  light,  not  in  color,  The  ground  on  which  the  snrf^tce 
4>pear8  plays  here  an  important  part;  since  every  time  onr  visual 
Koae  peroeives  the  light  and  color  of  an  object,  it  partly  depends  upon 
the  oomparisou  with  that  which  surronnds  it.  Thus  a  colored  surface 
MOOS  to  us,  in  this  part  of  the  visual  field,  black  or  gray  on  a  light 
Sroand,  and  gray  or  white  ou  a  dark.  If  while  following  the  same 
direction,  the  colored  object  Is  carried  within  the  region  which  surrottuds 
the  rest  at  the  visnai  field,  like  a  belt  of  greater  or  less  width,  we  begin 
to  see  the  colored  object,  bat  not  always  in  its  natural  color.  Two  colors 
alone,  yellow  and  blue,  retain  their  natnral  colors.  All  the  others  have 
the  ^pearance  of  one  of  these  colors,  consequently  yellow  or  blue.  It 
a  only  after  the  colored  object  ia  carried  a  little  farther  toward  the  fixed 
object  that  it  is  seen  in  its  natnral  ctdor.  Consequently  we  normally 
Ke  odots  only  in  the  middle  of  our  visual  field,  within  a  compass  extend- 
ing in  a  more  or  less  eccentric  manner  in  every  direction  fivm  the  fixed 
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point.  Oatside  of  the  aentral  Q^d  extends  a  belt  wfaioh  samniMh  it 
OD  all  sides,  and  in  which  oar  whole  ^atem  of  colors  is  olaaaed  onder  two 
heoda,  exactly  as  in  the  case  of  ttie  red-blind.  We  have  here,  as  in  tiie 
last  case,  bnttwocolor8,yeUoir  and  bias.  Inotherwords,  weueoompletaly 
red-blind  in  this  intermediary  Bone;  beyoodtbia,  there iiapKiphenlbdl, 
in  which  we  are  totally  oolor^bl^d.  These  are  maiOxn  wmaeMtotiMlj 
of  great  theoretic  vaine,  bnt  it  most  be  acknowledged  th«y  an  also  ti 
great  practical  Importance.  Altboagh  we  have  ad(q>ted  tbe  Yoong-HehB- 
hoUz  theory,  we  mostadmit  thatthe  difE^nt  kinds  of  pwoeptiTetieiaents 
of  colors  have  a  differeat  loeal  diviaion  apon  tbe  retina ;  and  this  ia  why 
we  may  speak  of  the  topography  of  the  obromatic  sense.  The  Awt  is  ex- 
plaioed  in  this  way :  in  the  retina  ot  the  normal  eye,  tb«e  am  siasnltue- 
oosly  three  kinds  of  elements  in  the  central  part,  ooiresponding  to  tbe 
centrM  region  of  the  visoal  field.  Toward  tbe  periphery,  beginning  at 
the  central  fossa,  tbe  elements  become  more  and  more  rare,  bot  in  on- 
equal  proportions,  so  that  the  perceptive  orguia  of  red  ceaae  flrat,  uid 
this  at  a  limit  corresponding  to  t^at  of  the  eenb^l  region.  In  a  bdt 
which  answers  to  the  intermediate  zone,  or  the  belt  of  the  red-Uwl, 
there  remains  in  conseqarace  but  the  perceptive  elemeots  of  ffnm  and 
violet.  At  the  limit  near  tbe  periphery  of  the  retina,  oorrespondiQg  to 
that  of  the  peripheral  zone  of  the  visnal  fidd,  or  r^iui  of  abstriste 
color-blindneBB,  the  perceptive  elements  of  green  oease  ^so,  so  that  tiiere 
only  remains  in  this  last  zone  the  perceptive  elements  of  violet.  We 
have  been  especially  led  to  this  last  oond^on  by  tbe  ezamiDotieB  of 
two  cases  of  oolor-blindneea,  where  tbe  visual  field  was  so  abDOFtDaBf 
small  that  the  peripheral  zone  seized  to  be  efikoed,  and  where  we  be- 
sides recognized  the  characteristic  feataree  ftf  violet-bltB6nee«>  This 
experiment,  which  perfectly  bannonissed  with  the  theory,  showed  as  Uie 
relation  of  complete  red-blindness  to  the  normal  cfaromatioseBse.  Bed- 
blindness  is  distingnished  from  the  norm^  sight  in  this,  that  the  BOUKsl 
central  field  is  wanting,  but  is  replaced  by  a  mean  oorreapondii^  at  Ae 
same  time  to  tiie  central  field  and  to  the  intermediary  zoneof  llhe  qotbAI 
sight  We  have  also  succeeded,  owiag  to  the  peripheral  isTestigatiaD 
of  the  colored  visnal  field,  in  verifying  io  a  great  nnmber  of  cases  the 
continuona  series  of  forma  of  transition  whieh  we  have  classified  as  tM 
kind  ander  the  head  of  incomplete  oolor-bluidneM,  or  in  the  instanoe  M- 
pecially  oconpying  ns  here,  inoomjtlete  red-Uln^uet.  In  the  same  way, 
the  other  kinds  of  color-blindnesa  may  ^eo,  as  legards  the  visnal  fii^i 
be  classified  according  to  the  theory.  The  visual  field  of  tbe  green-hliod 
is  diatingnished  &om  that  of  the  normal  obaerva  in  this,  that  it  has  s 
peripheral  field  corresponding  in  extension  both  to  (be  interiBediary  sad 
peripheral  zones  of  the  normal  observer.  Tbe  violet-blind  is  distingnisbed 
on  the  other  hand  in  this,  that  it  is  oam{rieteIy  deficient  ia  tbe  nornsl 
peripberal  zone,  d^hesetwokindsof  JnooniibteMitor-UwuiMaMaMobBrao- 
terized  by  a  central  field  diminished  at  every  degree.  With  regard  h) 
tbe  viaaal  field  we  may  therefore  1^  down  ttiis  rule,  that  it  has  as  naof 
distinct  zones,  with  reference  to  the  pnveption  of  colon,  as  the  ebio 
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ma^  JKOSB  has  ftrndsmeatal  colors  or  different  kinds  of  peioeptive  ele- 
meats,  and  diat  the  different  degrees  of  inoomplete  oolor-blindness  are  in 
Ae  inrerM  ratio  to  tlte  dimeDeion  of  the  vlBaal  field.  If  the  central  field 
is  timited  to  a  cinde  of  ten  degrees  from  the  fixed  point,  all  the  respective 
characteristics  of  oolor-bliDdness  are  nsuall;  fonnd  in  it,  Bometimes 
within  even  a  narrower  range.  A  feeble  sense  of  color  manifeBtB  itself  in 
a  mnch  wider  central  field.  All  tlie  anomalies  ^at  can  be  discovered  in 
an  examination  of  the  viaoal  field  might,  in  cooseqaenoe  of  the  method 
employed,  be  explained  by  o  diminution  ot  excitability  as  well  as  of  the 
nomberof  theelemeDts.  The  intermediary  zone  of  the  normal  visnal  field 
ot  belt  of  red-blindness  has  an  especial  interest,  as  it  famishes  ns  with 
the  opportunity  of  seeing  with  oar  own  eyes  as  the  red-blind  sees,  and 
cosseqaently  of  exactly  comprehending  bis  aboonnal  perception. 

Aeoording  to  the  theory,  we  see  only  yellow  and  blue  in  this  belt,  and  in 
consequence  we  admit  that  the red-blindnotonly  call  yellowandbloe  their 
priBoipalooIore,batmoreoTerMethemexactlyasthenorma1ob8erTerdoe8. 
This  hypothesis  cannot  assuredly  be  proved,  bat  this  is  not  necessary,  as 
the  explanation  Helmfaoltz  has  given  of  the  designation  of  one  of  the 
prindpal  oolora  of  the  red-blind  is  perfectly  satis&otory.  This  circnm- 
stanoe,  however,  has  given  rise,  amongst  others,  to  a  donbt  about  the 
Yoang-Helmholts  theory,  and  to  another  theory  admitting  four  principal 
odors  to  the  normal  sense  of  colors,  yellow  being  classed  amongst  them. 
But  this  is  useless.  It  mnst  not  be  forgotten  that  colorless  light  as  well 
u  ixdored  light  are  sabjeotive  perceptions,  and  that  oomparwon  here  per- 
forms an  important  part.  This  fact  Is  SQffidently  proved  by  the  phe- 
Domena  of  contrasts,  accidental  colors,  etc  White  is  not  a  color ;  it  is 
merely  a  general,  neutral  light,  and  is  therefore  prodaced  when  one  kind 
of  element  is  not  more  excited  than  another,  or  when  all  the  elements 
aie  equally  excited. 

But  as  the  theory  obligee  ns  to  admit  that  the  excitation  of  Uie 
peroeptive  elements  of  green  and  violet  may  in  certain  cases,  as  in 
the  Instance  of  the  red-blind,  supply  the  perception  of  white,  and 
not  blnish  green,  and  Uiat  in  certain  cases,  as  in  that  of  the  green-bbnd, 
tbe  extitation  of  the  perceptive  elements  of  red  and  violet  does  not  give 
purple,  bnt  white,  it  is  in  no  wise  contrary  to  the  theory  to  admit  that 
the  extitation  of  tfae  organ  perceiving  green  gives  the  perception  of 
yellow  in  cases  where  all  that  remains  moreover  of  tbe  system  of  colors 
is  the  complementary  color  of  yellow,  that  is  to  Bay,blae.  The  excitation 
of  tbe  perceptive  organ  of  green  gives  the  perception  of  green  only 
OD  the  retina  or  on  a  point  of  tbe  retina  which  also  contains  the  organ 
perceiving  red.  But  this  is  not  the  place  for  fortber  developments  of 
this  theory. 

2^-0US8IFI(U.TION  OF  THB  DIFPEBENT  EIKDS  OF  COL0E.BIJin)ItBS8. 

In  the  preceding  we  have  indicated,  in  conformity  with  the  theory, 
the  different  forms  of  a  defective  sense  of  colors  to  which,  we  tiiluk, 
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shouM  be  appliecl  the  name  of  color-blindoesSf  and  whiolit  owing  to  their 
Datare  tbeoreticaJly,  mast  be  oonBidered  oa  of  different  kinda.  This 
division  will  be  sanctioned  if  we  consider  the  relations  in  which  it  standi 
to  the  method  pnrsoed  for  discovering  them,  and  which  is  baaed  on  the 
Yonng-Helmholtz  theory,    It  is  tbis  we  are  aboat  to  explain. 

We  classify  the  different  kinds  of  color- blindness  nnder  especial  heads, 
to  be  able  tbe  better  to  grasp  the  wbole.  We  might  indeed  divide  this 
blindnesSgiDto  congenital  and  acquired,  bat  as  saob  a  division  bas  reAr- 
ence  alone  to  the  mode  of  origin,  and  not  to  tbe  nature  of  tbis  blindness, 
aod  affects  in  no  wise  tbe  manner  of  its  discovery,  it  has  do  practiG^ 
importonce  in  the  case  now  occapying  oar  attention.  Besides,  one 
division  relates,  as  does  oar  entire  memoir  on  this  snbject,  essentially  to 
congenital  color-blindness.    The  division  is  as  follows : 

I.  Total  color-blindness  (total  fargblinditet),  in  which  the  focnlty  of 
perceiving  colors  is  absolutely  wanting,  and  where  the  visual  sense  cod- 
aequently  can  only  perceive  the  difference  between  darkness  and  light, 
as  well  as  the  different  degrees  of  intensity  of  light 

II.  Partial  color-blindness  [partid  fargblindket),  in  which  the  faculty 
of  certain  perceptionaof  color,  bat  not  of  all,  is  wanting.  It  is  sabdivided 
into — 

1.  Complete  or  typical  color-blindnese  (fulUtandig  or  ^/pitk  /org- 
blindket),  in  which  one  of  the  three  fundamental  sensations,  one  of  tbe 
three  perceptive  organs  of  color  in  the  retina,  is  wanting,  and  in  which 
consequently  tbe  colored  visual  field  bas  but  two  taogea.  Tbis  gronp 
includes  three  kinds,  namely : 

(a)  Bed-blindness  (red  Uindhet). 

(b)  Oreen-blindness  (griia  blindket). 

(c)  Yiolet-bltndness  (violett  blindhet), 

2,  Incomplete  color-blindness  (o/uUatandig  fnrghtindhet),  where  one 
of  the  three  kinds  of  elements,  or  perhaps  all,  are  inferior  in  excitability 
or  in  numbers  to  those  of  tbe  normal  chromatic  sense.  Incomplete  color- 
blindness exhibite,  like  the  normal  sense,  three  zones  in  tbe  visual  field, 
but  is  diatinguished  from  it  by  an  unasnally  amall  central  field.  Tbis 
group  includes  the  whole  of  a  series  of  different  forms  and  degrees,  3 
part  of  which — the  saperior  degrees,  which  might  be  called  incomphte  rid- 
blindnsag  and  incomplete  green-blindness  (and  iwjomplete  violetbUndMSi)— 
constitntes  the  tranaitions  to  tbe  corresponding  kinds  of  completecolor- 
blindness,  and  another  part  of  which — tbe  inferior  degrees,  which  we  call 
a  feeble  ohromaUc  sense — constitutes  the  transition  to  the  normal  sense 
of  colors. 

We  wilt  show  further  on  that  this  classiflcatJon,  based  entirely  apoa 
tbe  Toung-Helmholtz  theory,  is  quite  practical,  and  conformable  to 
experience.  We  know  no  classification  which,  though  distioguisbing 
accurately  between  the  different  essential  forms  of  a  defective  sense  of 
colors,  draws  a  surer,  more  decided,  and  more  practical  limit  betveea 
the  defective  sense  of  colors  and  tbe  normal  sense. 
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For  the  ciaBsificatioD  of  the  different  forms  of  the  defective  sense  of  col> 
era,  regard  is  generally  paid  to  the  methods  of  investigatioD,  aad  the  divi- 
sion is  governed  mnch  more  b;  those  methods  than  by  a  theory  of  the 
seDse  of  colors.  Bnt  in  every  case  it  is  found  that  tbe  ulaesification  lat- 
teriy  in  nse  leaves  roooi  for  mach  improvement,  either  becanse  some  of  the 
forms  of  defective  color-sense  not  taken  into  acoonnt,  or,  on  the  other 
hand,  becanse  even  some  cases  of  normal  chromatic  sense,  wanting  in  ex- 
ercise and  intelligence,  have  been  classed  amongst  tbe  different  l^inds 
of  defective  colw-sense.  As  an  instance  of  the  first  kind,  Dr.  Stilliog's 
classiflcatioD  should  be  mentioned,  which  is  based  opon  the  theory  of  the 
four  primitive  colors,  eompiementary  two  by  two.  According  to  It,  there 
coold  be  bat  two  kinds  of  color-blindness,  namely :  ^'rotKgrUnblindhet"  and 
" gdibUH^Undheit"  [grevn-red-blindnest  and  that  of  blue-yelUno).  WiLh- 
oat  allowing  oorselves  to  criticise  the  theory  itself  here,  we  will  simply 
remark,  looking  at  it  practically,  that,  on  one  side,  this  classification 
draws  no  distinction  between  the  various  kinds  of  red-  and  green-bliod- 
nesB,  Dr.  Stilling  classing  them  as  one,  and  that,  on  the  other  side,  the 
vhole  series  of  forms  classed  by  na  onder  the  bead  of  incomplete  color- 
blindness is  not  included  in  his  plan. 

As  an  example  of  a  classi&cation  of  the  last  kind,  the  one  which  seems 
nniversid  in  France,  and  employed  by  Dr.  Favre  and  Dr.  F^ris,  may  be 
cited.  It  is  reduced  nearly  to  this :  all  those  who  give  false  names  to 
tbe  primitive  colors  belong  to  one  class ;  those  who  are  only  mistaken 
rn  the  shades,  bnt  not  in  the  principal  colors,  are  classed  under  another ; 
and,  finally,  those  who,  after  several  trials,  evince  some  hesitation  in  des- 
igDsting  colors,  form  a  tiiird  class.  It  is  plain  that  this  classification 
gives  bnt  little  idea,  properly  speaking,  of  the  natore  of  the  different 
kinds,  and  that  the  third  class  must  inclnde  a  large  nnmbei  of  individ- 
uals endowed  with  normal  sight,  bat  who  have  been  mistaken  or  hesi- 
tated at  the  time  of  the  test,  in  couseqaenceof  want  of  exercise. 

3. — COLOR-BLINDNflSS  IM  PBACTICAL  LIFE. 

Volumes  might  be  written  on  this  subject,  if  the  different  instances 
of  all  the  peculiarities  presented  by  color-blindness,  and  all  the  embar- 
TMsmeot  to  which  they  give  rise,  were  cited.  We  will  limit  ourselves 
to  a  few  facte  here,  closely  connected  with  oar  really  practical  end,  and 
ovra  which  they  exert  a  direct  influence.  To  avoid  being  prolix,  we 
will  merely  remark  that  in  alluding  to  color-blindness  in  general,  with- 
out naming  one  especial  kind  or  form,  we  asually  mean  the  ordinary 
typical  kinds  of  partial  and  congenital  color-blindness,  namely,  red  and 
gieeD. 

We  mast  first  remember  that  color-blindness  is  not  a  disease  in  the 
sense  of  being  attended  with  suffering,  obliging  the  individual  to  have 
recourse  to  a  physician.  Color-blindness,  quite  as  well  as  tbe  normal 
tight,  is  a  sense  of  color,  though  of  another  and  a  more  simple  nature. 
He  whom  we  call  color-blind  is  not  correctly  speaking  at  all  blind  to 


,„GoL>^Ic 


160  COLOB-BLINDIfESa  DT  ITS  BELATION  TO 

colors.  He  perodvea,  in  the  main,  the  sftue  kind  of  llgM  as  the  normal 
observer,  bat  sees  a  part  of  it  lo  another  manner.  In  the  ^stem  acoocding 
to  which  he  arranges  his  colore,  he  has  fewer  kinds  than  tiie  normal  ob- 
serrer,  and  this  is  why  he  is  obliged  to  classify  nndrarthe  same  denomina- 
tion a  portion  of  the  colors  classed  by  the  normal  observer  nnder  diffenitt 
heads,  tt  resalts  from  this  that  he  finds  reaemblanoes  betveffli  eolors  or 
confasee  others  that  the  normal  observer  finds  different ;  for  instiuioe,  rod 
and  green.  These  oonfosions  naturally  surprise  and  amuse  t^e  normal 
observer,  who  readily  ImagiDea  that  it  arises  from  very  great  igooranoeof 
colors,  or  from  det^tive  training,  He  ordinarily  supposes  that  tliere  h 
no  limit  to  the  mistakes  the  color-blind  might  make  in  this  respect.  Bnt 
snch  is  not  the  case ;  be  obeys  laws  qaite  as  exact  as  does  lAe  nom^ 
observer ;  a  color-bliod  person  can  no  more  aocaetom  himself  to  seeing 
colors  as  the  normal  observer  does  than  tbe  red-blind  can  see  colors  is 
the  same  way  that  the  green-blind  does,  or  conversely. 

This  theory,  which  is  based  upon  experience,  explains  to  ns  bow  the 
color-blind  see  colors.  But  if  we  only  base  our  ideas  on  the  names 
given  to  colors  by  the  color-blind,  we  can  be  easily  decetred.  To  jodge 
correctly  of  color-blindness,  and  the  varioas  practical  qnestions  con- 
neot«d  with  it,  it  is  of  tbe  highest  importance  to  distinctly  observe  tbe 
differeoce  between  the  manner  in  which  tbe  color-blind  person  *eM  and 
the  manner  in  which  be  names  colors.  The  sensation  is  based  opon  tiie 
nature  of  the  sense  of  color  in  the  organization  of  theoptio  nerve  from 
birth.  Tbe  name,  on  the  contrary,  is  learned ;  it  is  conventional ;  it  de- 
pends npon  exercise  and  habit.  The  names  of  colors  are  naturally  the 
objective  expression  of  subjective  sensations ;  but,  on  the  other  hand, 
they  are  regulated  by  the  system  of  normal  sight,  and  cannot  coose- 
quently  agree  with  that  of  tiie  color-blind.  They  can,  nevertheless,  be 
learned  by  the  latter,  and  even  applied  correctly  in  many  cases.  I%ere 
is  connected  with  this  fact  a  peculiarity  of  the  utmost  importance 
practically  to  the  question  in  point,  and  one  tliat  has  given  rise  to  tbe 
most  seriODS  embarrassments  and  misunderstandings.  This  has  been 
and  is  still  one  of  the  chief  causes  of  our  erroneous  ideas  on  the  anlgect 
of  color-blindness  existing  in  tbe  masses,  because  it  is  the  veil  nnder 
which  this  defect  nsnally  conceals  itself  ttom  oar  observation  in  every- 
day life,  and  nnder  which,  even  to  the  last  moment,  it  will  succeed  in 
escaping  discovery  in  cases  where,  as  frequently  happens,  the  methods 
of  exploration  employed  are  indecisive  or  are  based  upon  enoneouB 
principles. 

If  we  reflect  on  tbe  condition  of  the  color-blind,  it  is  difilcolt  to  under 
stand  how  he  can  avoid  being  detected  in  his  daily  intercourse  witb 
men  endowed  with  normal  sight.  And  yet  experience  has  sufficiently 
controverted  this  idea.  That  which  we  have  acquired  in  examining  0" 
masae  theperfonnel  of  a  railway,  for  example,  where  it  is  reqaired  nigltt 
and  day  to  give  attention  to  colored  signals,  is  singularly  worthy  of  notion 
We  learn  by  it  that  a  number  of  color-blind  were  discovered,  althoogb 
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their  defective  sense  of  color  Lad  uerer  beea  Buspected  by  tbemselvea 
or  any  ooe  else,  aud  tbe  majority  bad  correctly  perfortDed  tbeir  duties. 
Soch  a  coDdiCioD  of  things  faroisbes  na  vitb  food  for  reflectioo,  aud  it  will 
not  be  Dointerestiiie  to  examine  some  of  tbe  pecnliar  circomstauces 
ffbicb  esplaio  it.  All  tbe  details  connected  vitb  tbe  subject  canuot  be, 
of  coarse,  enamerated  bere.  We  will  content  oarsplves  by  merely  indi- 
cating tbe  coarse  to  be  followed  to  obtain  this  explanation. 

Agreeably  to  tbe  property  of  our  senses  to  serve  as  sentries  before 
the  exterDal  world,  we  interpret  the  information  they  give  as  in  a  partic- 
alar  manoer,  Iii  fact,  we  do  not  consider  the  changes  that  take  place  in 
our  sensitive  apparatus,  of  which  alone,  however,  we  possess  any  im- 
mediate perception,  but  refer  everything  immediately  to  the  cause  that 
has  provoked  it  (that  is  to  say,  to  tbe  external  objiHits),  and  we  attribute 
as  qualities  properly  belonging  to  them  what  in  (rntb  is  merely  a  pro- 
cess of  oar  own  organs,  if  an  object  simply  reflects  certain  kinds  of 
fays  of  light  to  our  eye,  we  preceive  a  certain  corresponding  color,  red, 
for  example.  We  ascribe  this  perception  to  tbe  object  itself  as  an 
attribute,  and  we  say  it  ia  red.  A  red  carpet  seen  by  daylight  is  and 
remains  red.  It  is  red  by  no  matter  what  kind  of  light.  It  is  red  even 
when  behind  onr  backs  or  before  our  eyes  In  tbe  dark.  We  discard  the 
sensation  of  red,  which  belongs  to  our  optic  nerve,  for  the  qualiti/  of  red, 
which  we  ascribe  once  and  forever  to  the  carpet,  and  by  this  name  of 
red  we  supply  a  whole  definition,  which,  to  be  complete,  should  be  stated 
nearly  thus :  "  A  red  carpet  is  a  carpet  which,  by  tbe  ordinary  light  of 
day,  reflects  only  etherenl  waves  creating,  when  in  contact  with  tbe 
retina  of  a  normal  eye,  the  perception  of  red,  but  absorbing,  per  contra, 
all  the  otber  luminous  waves."  It  is  owing  to  this  manner  of  imputing 
qnalities  to  objects  tbat  the  name  black  has  been  admitted  amongst  the 
names  of  colors,  although  properly  speaking  it  would  designate  the 
quality  of  absorbing  all  light,  and  consequently  of  not  at  all  afi'ectiug 
our  eye.  Xow  the  tendency  to  employ  our  senses,  as  we  have  just  inci- 
dentally stated,  is  often  promoted  by  a  school  educatiou  so  liiuited  and 
partiiil  that  tbe  immedinte  impression  is  referred  to  the  external  object, 
and  tbe  faculty  of  observation  is  suppretised  to  give  place  to  descriptions 
aud  to  names. 

As  color  is  an  immutable  quality  in  a  variety  of  objects  of  different 
colors,  it  is  uot  very  difficult  to  learn  tbeir  uajiios  by  heart.  Tbe  direct 
impression  is  not  even  necessary.  We  may  bear  a  really'blind  man, 
even  one  born  blind,  give  the  exact  names  to  colors  of  common  objects  of 
wliich  be  has  often  heard.  To  the  color-blind  this  is  still  more  easy,  as 
he  derives  some  assistiuice  from  his  incomplete  chromatic  sense.  Uii  the 
otherhand,it  must  be  comparatively  very  rare  to  meet  onecolor- blind,  who 
iuflueuceil  aa  DaltOD  was  by  individual  interest  carries  bis  rellections 
oil  colors  aud  tbe  chromatic  sense  so  far  as  to  reach  tbe  point  of  discov- 
ering his  own  anomaly.  Amongst  tbe  colorblind  discovered  by  us, 
11  R 
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labile  directJDg  oar  researches  especially  to  this  point,  not  ft  few  hart 
been  painters  nnd  tailors. 

Bat  RQcb  disregard  to  the  subject  of  colors  is  no  longer  pennitted  in 
occupations  wbere  colored  signals  are  employed  and  wbere  hnman  life 
may  depend  a[)oa  the  manner  in  which  the  signal  is  or  is  not  understood, 
as  on  railways  and  at  sea. 

A  great  Domber  of  color-blind  are  to  be  found  employed  iu  almost 
every  position  on  railways,  without  the  defect  in  their  chromatic  seoBe 
being  snspected  by  themselves  or  others.  If  ay,  more,  a  number  of  them, 
far  from  being  willing  to  acknowledge,  even  after  the  examination,  tiie 
existence  of  such  s  defect,  urgently  demand  a  new  trial,  even  six  or 
seven,  offering  all  kinds  of  pretexts  to  account  for  their  repeated  failures. 
They  all  agree  in  declaring  that  they  have  excellent  sight;  that  they 
have  Dover  bad  the  least  difflcalty  in  distiDgDishlDg  signals,  thongh  they 
have  been  employed  for  a  long  time  and  in  the  most  important  positions, 
that  for  instance  of  engineer,  and  had  never  made  the  slightest  mistake; 
that  tbe  engineer  is  never  the  only  one  whose  daty  it  is  to  watch  the 
signals.  He  has  always  near  him  a  fireman,  and  in  bis  neighborhood 
an  assistant  engineer,  a  greaser,  etc.,  who  come  to  bis  aid  at  critical 
moments.  That  mnst  be  a  very  rare  case  where  all  the  oGBcials  are 
affected  with  color-blindness. 

Looking  practically  at  the  fact  mentioned  and  the  explanation  given, 
it  might  be  imagined  probably  that  color-blindness,  although  a  subject 
of  scientific  interest,  could  not  possess  any  possible  practical  interest. 
At  least,  it  might  be  believed  that  all  the  stir  which  has  been  made  in 
our  country  about  color-blindness  amongst  railway  employes  was  foanded 
npon  nothing  real.  Since  it  is  proved  (it  may  perhaps  be  nrged)  that  tbe 
color-blind  have  long  been  employed  on  railways  and  the  defect  never 
remarked,  without  any  accident  or  even  inconvenience  resulting  from 
it,  and  finally  since  they  can  really  learn  to  distinguish  signals,  althongh 
otherwise  than  by  colors,  tlieir  kind  of  blindness  should  not  legitimately 
give  rise  to  any  preventive  measures  whatsoever.  And  doubtless  a 
great  many  still  reasou  in  this  manner. 

We  will  not  dwell  here  upon  what  experience  has  or  has  not  proved 
with  regard  to  this  in  our  country.  The  fact  is  certain  that  color-blind- 
ness iu  other  conutries  has  caused  uumerous  and  serious  accidents.  And 
even  though  experieuce  should  not  have  proved  it  in  an  absolute  manner, 
it  would  not  be  the  less  evident  that  in  such  cases  no  one  has  the  right 
to  await  a  new  experience  of  this  kind  before  proceeding  from  words 
to  Kcts,  inasmuch  as  it  can  be  demonstrated  that,  in  spite  of  tbe  many 
circumstances  aiding  the  color-blind  to  obey  signals,  all  danger  is  not 
averted,  and  uncertainty  still  remains.  Now,  this  is  not  difScalt  to 
prove,  for  neither  the  fact  that  color-blind  individuals  have  been  long 
employed  on  railways  without  causing  accidents,  or  without  the  discov- 
ery of  the  defect,  nor  tbe  circumBtances  we  have  cited  to  explain  this 
fact,  furnish  tbe  slightest  ground  for  security. 
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A  color-blind  iodividaal  of  the  typical  kinds  cannot  disliugaish  red 
from  green.  This  is  ao  nndoubted  fact,  easily  explained  by  theory  and 
atleqoately  proved  by  esperience.  All  that  he  asserts  about  differeoces 
betweeu  these  colors  is  founded  consequeatly  npoa  conjectare.  Bat  this 
manner  of  perceiving  signals  is  attended  by  great  aucertaioty,  and  be 
wtio  guesses  correctly  in  this  manner  in  a  certain  onmber  of  special 
cases  mast  infallibly  guess  wrong  in  some  cases.  This  is  a  principle 
which  does  not  rest  on  a  theory,  but  which  has  been  confirmed  by  our 
etperience  without  an  exception  in  an  examination  of  more  than  two 
bnndred  color-blind  persons,  and  its  evidence  conld  be  extended  far 
beyond  the  limits  to  which  we  are  confined  here,  or,  in  other  words,  to 
the  majority  of  the  cases  of  incomplete  color-blindness. 

If  a  small  amonnt  of  eoot,  smoke,  vapor,  ice,  snow,  etc.,  adhere  to  the 
glass,  the  lantern  shines  less  brightly.  A  lantern  shines  differently  in 
clear  or  foggy  weather,  etc.  All  this  may  give  rise  to  mistakes.  But, 
on  the  other  hand,  the  sensibility  of  the  eye  is  very  different  according 
to  circumstances.  The  nervons  organ  of  the  eye  may,  like  every  other 
part  of  the  system,  vary  extremely  in  sensibility.  Tlie  aame  light  is  to 
the  sound  and  rested  eye  stronger  than  to  the  weak  and  tired  eye,  etc. 
But  every  modification  of  intensity  of  light  is  eqoivalent,  to  the  color- 
blind,  to  a  change  of  color.  All  this  proves  bow  little  reliance  can  be 
placed  Qpon  the  knowledge  of  signals  acquired  by  the  color-blind  by 
practice. 

IIL— EEFOKMS  RELATING  TO  COLORBLINDNESS. 

As  we  have  Bhowu  already,  the  tendency  of  color-blindness  to  conceal 
itself  wheresoever  itoccors,  in  all  classes  of  society,  especially  in  the  lower, 
may  be  regarded  as  one  of  its  most  remarkable  pecaliarities.  It  is 
necessary  to  add  still  another  circumatauce :  one  whose  color-blindness 
has  been  disclosed,  and  who  is  thus  himself  made  aware  of  his  defect, 
and  who  has  been,  as  is  so  commonly  the  case,  a  subject  of  ridicule 
to  bis  acquaintances,  is  generally  more  than  ever  eager  to  conceal  his 
infirmity.  The  result  of  this  is,  in  spite  of  all  that  has  been  writtui  on 
color-blindness,  thia  affection  of  the  eight,  far  from  being  recognised 
u  a  fact  belonging  to  every-day  life,  has  been  and  still  is  considered  by 
tbepnblio  as  a  legend  about  which  anything  desired  could  be  believed. 
The  idea,  at  least,  usually  formetl  with  regard  to  its  frequency  and  prac- 
tical importance,  is  far  from  corresponding  with  the  reality.  It  is  diffl- 
cnlt  to  accustom  one's  self  to  the  idea  of  the  necessity  of  refusing  to 
a  number  of  persons  admission  to  a  career  which  would  afford  them 
means  of  snbsiatence,  and,  what  is  worse,  to  discharge  from  their  present 
portion  those  who  have  performed  their  duties  in  an  irreproachable 
manner,  and  which  have  been  to  them  and  their  iitmilies  a  legitimate 
soorce  of  income. 

Prompted  by  a  jast  regard  for  the  good  of  man,  it  ia  asked  whether 
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tbe  difSculty  iti  distingnisliiDg  colors  experienced  by  certaiu  iudiTiduals 
may  be  corrected  by  exercise.  And  if  this  ia  not  possible,  it  is  nataral 
to  couclade  that  more  regard  is  dae  to  tbe  men  than  to  a  particular  kind 
of  signals,  since  the  latter  is  not  absolutely  essential,  and  consequently 
may  be  cbaoged  if  not  adapted  to  the  employ^. 

1.— INSTRCOTION   AND   EXI3ECISE   OF   TBE   PEBSONNBL   IN   BECOGKIZ- 
ING  COLOHS. 

Tbe  iinportaoce  of  the  habitual  exercise  of  our  senses  generally  should 
not  be  underrated.  As  we  are  born  with  naturally  soond  organs  of  loco- 
motioD,  and  yet  reqnlre  to  be  tanght  to  walk,  bo  it  is  necessary  to  learQ 
to  nse  our  organs  of  sense ;  and  when  experience  shows  ns  that  many 
original  defects  of  our  organs  of  locomotion  can  be  remedied  as  well  as 
those  of  our  visual  organs,  we  readily  conceive  the  idea  that  this  is  also 
possible  with  color-blindness.  If  it  were  the  case,  this  would  be,  without 
doubt,  tbe  most  radical  means  possible  for  protecting  railway  liaes,  with- 
out tbe  necessity  of  displacing  a  single  employ^. 

To  avoid  all  misanderstandiDg,  we  must  dwell  apoo  the  difference  that 
we  have  mentioned  between  tbe  gennine  perc^tion  of  the  color-blind 
and  the  name  he  gives  to  the  color  of  the  objects.  We  have  already  seen 
that  a  tme  name  may  ofteo  be  united  to  a  false  perception,  but  it  is  evi- 
dent, also,  that  just  as  the  perception  is  anomalous,  or  merely  uncertain, 
tbe  name  mast  also  be  uncertain,  as  it  is  simply  a  conjecture.  We  do 
not  here  allude  to  that  acquired  color-blindness  which,  casually  occur- 
ring, might  also  disappear,  but  to  congenital  color-blindness,  let  it  be 
understood. 

We  will  endeavor  to  give  some  account  here  of  what  experience  has 
furnished  on  this  subject,  and  first  of  all  wo  will  try  to  discover  upon 
what  grounds  it  is  claimed  that  color-blinduestt  can  be  cured. 

An  effort  has  been  made  to  derive  one  indication  of  this  from  the  fact 
that  amongst  the  numerous  instances  of  color-blindness  that  have  been 
discovered  and  mentioned  by  different  writers  since  Huddart,  there  are 
many  more  amongst  men  than  women.  It  Is  concluded  from  this,  in  the 
first  place,  that  color-blindness  is  much  more  common  amongst  men  than 
women,  and  from  this  statistical  fact,  added  to  the  undoubted  experience 
that  women  have  more  to  do  with  colors  from  their  very  infancy  than 
men,  from  the  natare  of  their  clothing,  etc.,  another  inference  is  reached, 
namely,  that  exercise  assists  iu  diminishing  and  counteracting  color- 
bliudnoss.  All  this  may  be  true,  but  the  argument  fnils  in  more  thaa 
one  particular.  In  the  first  place,  it  has  not  been  at  all  proved,  we  think, 
that  color-blindness  is  less  common  among  women  tbnn  men.  The 
majority  of  the  cases  of  color-blindness  descrilied  by  writers  have  been 
accidentally  discovered,  that  is  to  say,  without  any  special  examinalioD. 
If  we  observe,  first  of  all,  that  these  are  probably  tbe  most  marked  cases 
of  color-blindness,  and  also  that  tbey  are  usually  not  persons  who  have 
much  to  do  with  colors  (as  these  easily  conceal  their  defect),  it  will  be 


ACCIDENTS  BT  BAIL  AND   SEA.  165 

readily  nnderstood  wby  the  female  sex  has  fDroisbed  bo  email  a  proportina 
to  statistics.  Again,  in  coses  where  experiments  are  made  to  discover 
color-blindness,  it  is  evidently  mnch  easier  to  find  opportaoitles  to  ex- 
amiae  men  than  women.  For  the  most  part,  those  examined  are  soldiers, 
BtDdents,  agents  of  police,  etc.,  it  being  difflcnit  to  find  eqnal  oppor- 
tanities  for  examining  women  en  masse.  It  is  necessary  to  0[>ernte  on 
a  large  number  to  obtain  very  satisfactory  statistics.  The  data  we  pos- 
sess are  fnmisbed  mainly  by  experiments  among  men.  This  is  why  we 
venture  to  dispute  what  is  osually  admitted  as  a  certain  fact,  that  color- 
blindness Is  more  common  among  men  than  women,  the  necessary  infor- 
mation being  so  fiar  wanting  to  establish  snch  a  fact.  We  must  not 
overlook  the  testimony  of  Prof.  H.  Dor  on  this  subject,  who  examined 
the  very  considerable  Dumber  of  611  women  at  Berlin,  amongst  whom  he 
fbond  only  five  color-blind,  or  little  less,  therefore,  than  1  per  cent,  or 
exactly  0.82  per  cent  We  do  not  desire  in  the  least  to  deny  the  possi. 
bility  that  color-blindness  amongst  women  is  less  common;  on  the  con- 
trary, we  think  it  even  probable  that  this  may  be  the  case. 

Id  using  the  statistics  of  the  experiments  thus  far  made  on  women,  it  is 
important  to  observe  carefnlly  whether  the  method  of  scrutiny  has  been 
BDch  that  previous  exercise  has  not  had  some  effect  upon  the  result  For 
if  the  method  is  founded  upon  the  principle  that  those  examined  must  be 
interrogated  as  to  the  names  of  the  colored  objects  presented  to  them, 
and  their  chromatic  eense  judged  according  to  the  answer,  it  is  clear 
that  the  proportion  of  failures  will  be  relatively  less  amongst  women  than 
men,  as  tbey  have  much  more  practice.  We  are  not  certain  that  this 
may  cot  be  the  explanation  of  the  resnit  thus  far  obtained. 

For  auamber  of  years,  Dr.  Favre  devoted  himself  to  the  study  of  color- 
blindness amongst  railway  employes,  and  succeeded  in  Introdncing 
reformatory  measures  on  several  railways  in  France.  This  circumstance, 
and  the  manner,  also,  in  which  he  has  treated  this  subject  from  several 
points  of  view,  are  more  worthy  of  attention,  since  he  has  boldly  pro- 
DODDced  in  favor  of  the  curability  of  color-blindness  by  exercise,  and 
oiged  measures  founded  upon  this  principle.  We  will  give  his  result 
in  the  author's  own  words: 

"Out  of  one  hundred  and  forty-six  scholars,  from  seven  to  sixteen 
years  of  age,  belonging  to  two  schools,  one  hundred  and  eleven  named 
the  natural  colors  without  error  or  hesitation ;  tbii  ty-five  made  mistakes 
in  difi'erent  degrees;  twelve  made  serious  icistafces  with  regard  to  sev- 
eral colors ;  the  errors  of  the  others  were  with  regard  to  orange,  blue, 
or  violet ;  some  were  mistaken  about  all  these  three  colors,  others  about 
two,  and  some  only  about  violet  These  thirty-five  children  were  sub- 
jected by  their  instrnctors  to  repeated  methodical  exercises  according 
to  the  directions  I  bad  given  them.  Oue  of  the  teachers  cnred  all  his 
defective  pnpils;  the  duration  of  the  treatment  varying  from  two  weeks 
to  six  months.  The  other  teacher  had  on  the  2d  of  April  of  this  year 
only  two  patients  out  of  eleven  uncured." 
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Id  an  additional  Dote,  he  adds:  "This  accoont  of  the  treatment  of 
color-bliodoess  mnst  be  brief  on  account  of  the  object  for  which  it  Is  in- 
tended ;  bnt  it  may  be  necessary  to  set  forth  io  a  few  words  the  proceGS 
in  use  in  schools.  I  have  simpiifled  it  as  mneh  as  possible.  The  chief 
point  was  to  have  the  colors  corresponding  with  those  of  the  solar  spec- 
tram,  that  is,  those  generally  designated  by  the  names  of  violet,  in^go, 
ilw,  green,  yellow,  orange,  and  red.  The  Ecate  of  colored  wools  that  I 
presented  in  large  qaaDtities  to  managers  and  agents  of  railways,  to  my 
colleagaes,  to  Beveral  teachers,  male  and  female,  and  to  individoals  nnder 
treatment,  was  thas  arranged:  five  packages  were  composed  of  three 
shades  each — three  shades  of  red;  tliree  of  yelJow,  inclnding  orange;  three 
of  green;  three  of  blue,  inclnding  indigo;  three  of  violet;  and  besides  one 
package  of  white  and  one  of  black  wool.  The  children  are  snmmoned 
one  after  the  other,  and  separately  interrogated.  The  examination  of 
those  who  are  withont  this  defect,  and  are  well  trained,  is  soon  made. 
Those  who  hesitate  or  trip  should  be  treated  with  great  indulgence,  and 
set  straight,  if  I  may  so  express  it,  and  if  their  errors  are  not  easily  cor- 
rected, their  answers  are  accarately  noted  down.  The  master  then,  in 
another  lesson,  shows  and  names  the  colors  to  the  children,  and  makes 
them  repeat  with  him.  It  is  important  not  to  make  the  inexpert  popil 
an  object  of  ridicule  or  even  of  attention  to  his  compauioos-  The 
lesson  shonld  be  repeated  every  three  or  fonr  days  nntil  he  is  quite  cer- 
tain that  the  idea  of  colors  is  well  established.  The  training  is  com- 
pleted by  making  them  name  the  color  of  the  varioos  objects  within 
reach  of  themaster;  flowers,  fabrics,  geographical  maps,  et*;.  Ourpupils 
will  not  be  able  to  distinguish  the  14,420  tints  established  by  }&• 
Cfaevrenl,  hut  they  will  have  acquired  the  indispensable  mimimam;  they 
will  know  the  a,  b,  e,  of  the  science  of  colors." 

What  we  have  just  quoted  cannot  essentially  change  the  view  we 
have  adopted  and  described  in  the  preceding  pages.  To  demonstrate 
the  cnrability  of  color-blindness,  it  is  indispensable  to  prove,  first,  tbat 
the  treatmentis  applied  to  those  whose  deficiency  has  been  duly  estab- 
lished, and,  in  the  second  place,  that  these  same  at  the  end  of  the  treat- 
ment have  a  normal  chromatic  sense,  or  at  least  are  not  color-blind. 

Dr.  Favre's  pamphlet  does  not  furnish  ns  on  these  points  with  sofflcieat 
evidence.  We  cannot,  from  onr  point  of  view,  have  mach  confidence 
in  the  method  of  investigation  employed  by  Dr.  Favre.  It  is  not  only 
possible,  bnt  even  extremely  probable,  that  ignorance  and  a  want  of  prac- 
tice might  pass  for  color-blindness,  and  especially  as  the  examination  is 
that  of  children.  That  there  were  among  the  individuals  under  Dr- 
Favre's  treatment  some  cases  of  genuine  colorblindness  woald  apjiear 
from  the  fact  that  two  children,  a  year  after  hegiuniDg  the  training,  had 
notsQcceeded  in  learning  the  task  imposed,  which  nevertheless  does 
not  seem  to  present  insurmountable  difficulties,  even  In  instauces  of  pe^ 
sons  really  color-blind. 

In  brief,  without  attempting  to  deny  the  curability  of  color-b!indnesa 
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theoretically  or  practically,  we  maintain  that  not  one  positive  proof  of  it 
lias  so  for  been  prodnced. 

It  is  a  signiflcaat  fact  that  iodividnals  who  have  themselves  discov- 
ered tbeir  own  chromatic  blindness,  and  have  been  very  much  interested 
in  it,  having  reflected  and  experimented,  and  consequently  exercised 
themselves  moch  in  colors,  have  nevertbeless  retained  their  anomaloas 
perception,  sach  as  it  was  in  the  beginning,  for  many  years,  indeed,  as 
long  as  they  lived.  Such  was  the  case  with  Harris,  who  himself  discov- 
ered his  defect  at  the  age  of  four  years,  and  stndied  it  with  much  inter- 
est, bat  never  succeeded  in  correcting  it.  Milne  was  fonnd  by  Wilson  to 
be  AS  color-blind  at  Edinburgh  in  1851  as  he  was  thirty  years  before, 
when  Combe  examined  him.    Such  was  also  the  case  with  Professor 

N ,  examined  twenty  years  before  by  Sir  David  Brewster.    But 

Bach  was  especially  Daltou's  case,  who  has  thrown  much  light  npon 
the  subject.  No  one  will  deny  that  if  exercise  in  colora  can  cnre  chro- 
matic blindnesa,  Dalton  would  bave  been  cared,  and  yet  it  must  be  ac- 
knowledged that  at  the  meeting  of  the  British  Association  at  Oxford 
in  1832  he  then  compared  a  scarlet  red  to  the  leaves  of  trees,  proving  him 
to  be  as  color-blind  as  in  1792,  the  date  of  the  discovery  of  his  color- 
blindness, and  as  far  as  his  friends  could  observe  he  continued  so  to 
the  end  of  hia  life  (1814). 

The  history  of  science  tells  us  of  cases  of  persons  completely  blind  who 
cu  easily  and  correctly  distinguish  wool  of  different  colors  by  means  of 
other  senses,  smell,  taste,  or  touch.  The  power  of  touch  in  this  case 
deserves  especial  attention,  as  it  is  exactly  adapted  to  the  kind  of  Quali- 
ties now  interesting  us.  The  close  conuection  between  touch  and  sight 
in  determining  whether  au  object  is  smooth,  rough,  etc.,  is  well  known. 
The  assistance  which  these  two  senses  render  each  other  in  a  gen* 
eral  appreciation  of  everything  iu  space  is  not  less  well  known. 
These  are  the  very  qualities,  beyond  any  doubt,  that  the  color-blind  call 
to  their  aid  to  supply  the  place  of  colors.  This  is  why  many  color-blind 
are  seen  placing  the  samples  of  wool  in  different  lights,  bringing  them 
qnite  close  to  the  eye  and  in  different  angles  to  the  visual  axis.  But 
WB  have  heard  many  color-blind,  who  knew  the  difference  between  red 
and  green,  or  purple  and  green,  frankly  acknowledge  that  they  only 
recognized  them  because  one  colored  wool  was  coarser,  harsher,  or 
rougher  tban  the  other.  Consequently  it  is  not  the  color,  that  is,  the 
qaality  of  the  reflected  light,  but  the  coloring  matter  and  its  peculiar 
effects  upon  the  wool,  which  were  to  them  the  distinguishing  features. 
As  the  result  of  our  investigation  we  can  state  that  exercise  is  certainly 
not  without  value,  but  is  more  useful  iu  other  respects  than  iu  curing 
color-blindness,  or  in  removing  the  causes  of  the  mistakes  made  by  the 
color-blind  with  regard  to  the  colors  of  signals.  We  maintain,  therefore, 
that  not  one  case  has  been  sufKciently  established  to  prove  that  a  genuine 
«Me  of  color-bliudoess  has  ever  been  cured  by  exercise. 

Bat  it  in  no  wise  follows,  we  repeat,  that  we  deny  the  possibility  of 
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improvement  in  cases  where  tbe  coireBpondiDg  orgnnB  are  not  wanting, 
but  are  siiDply  de6cietit  iu  sensibility.  Moreover,  we  are  very  much  in- 
debted to  Dr.  Favre  for  biiving  interested  himself  in  tbe  questioii  of  tbe 
treatment  of  congenital  col  or- blindness,  and  also  for  baviiig  nndertaken 
the  work  of  appljing  tUis  treatment.  If  tbis  idea  is  generally  admitted, 
it  will,  without  any  doubt,  produce  excellent  fruits,  among  othera  that 
of  introducing  examinations  into  schools,  so  that  color-blindness  will  be 
discovered  in  lime  to  be  cared,  if  tbat  is  really  possible,  or  if  not,  that  its 
subjects  may  be  enabled  to  choose  a  career  iu  which  their  inHrmity  will 
not  be  attended  by  inconvenience  or  danger.  This  is,  moreover,  the  only 
means  by  wliicb  we  can  reach  a  perfectly  decisive  answer  to  the  extremely 
important  question,  whether  or  to  what  degree  color-blindness  may  be 
improved  or  cured.  But  it  is  also  evident  that  the  more  importaat  the 
answer  to  this  question,  practically,  the  more  does  its  solution  require 
critical  methods  and  rigid  ioveatigatioo  and  control  in  order  that  when 
the  answer  is  onco  obtained  no  doubt  may  be  cast  upon  its  accuracy. 

On  tbe  other  band,  we  oppose  in  the  most  positive  mauner  ev^ 
measure  relating  to  railway  officials,  sailors,  etc.,  founded  upon  the  idea 
of  tbe  curability  of  color-blindness,  nutil  tbis  questiou  has  been  perfectly 
established  by  an  affirmative  answer.  It  is  evident  tbat  otherwise  not 
only  is  tbe  danger  of  employing  tbe  color-bliud  on  railways,  etc.,  not 
diminished,  but  also  that  the  introduction  of  a  radical  reform  in  this 
matter  is  impeded.  When  Dr.  Favre  requests  tbat  tbe  personnel  on 
railways  and  in  tbe  navy,  etc,  be  exercised  in  distinguishing  colors, 
this  demand,  favorably  received,  can  only  lead  to  tbe  admission  of  the 
color-blind  to  tbe  positions  in  question  ;  and  then  under  the  assurance 
tbat  their  congenital  defect  may  be  cured,  they  are  watched  over  until 
tbey  acquire  tbe  necessary  amount  of  training.  According  to  our  opinion, 
such  a  measure  is  positively  dangerous,  because  it  merely  lulls  tJie 
authorities  with  the  l>elief  tbat  the  color-blind  can  cause  no  accident, 
while  in  reality  their  defect  is  exactly  where  it  was  before,  and,  owing 
to  the  exercise,  has  only  become  more  difficult  to  detect,  if  for  this  par- 
liose  a  defective  method  is  adopted.  From  tbis  point  of  view  it  is 
apparent  tbat  exercise,  tar  from  removing  tbe  danger,  only  increases  it. 
It  may  be  answered  indeed  that,  owing  to  exercise,  the  color-blind  will 
less  frequently  confound  the  signals  than  they  will  without  exercise,  and 
this  we  willingly  grant.  But,  on  tbe  other  side,  it  is  evident  there  sbonld 
be  no  question  here  of  an  alleviation,  but  of  a  radical  correction.  Tbe 
danger  of  employing  the  color-bliud  on  railways  or  at  sea  once  well 
established,  it  is  necessary,  it  Eeoms  to  us,  to  take  measures  for  com- 
pletely removing  the  dagger,  if  possible.  If  comparative  security  can 
satisfy,  we  already  have  it,  either  from  the  fact  that  all  the  officials  cannot 
be  color-blind,  or  tbat  the  majority  of  such  do  not  nsoally  cause  accidents. 
But  it  is  precisely  tbe  desire  to  save  the  communications  from  tbis  state 
of  uncertainty  tbat  has  inspired  us  with  the  idea  of  taking  measures 
against  it,  and  we  believe  tbat  we  have  proved  by  what  we  have  said  tbat 
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any  reform  that  cao  be  introdnced  at  pn'Bent  in  this  matter  should  be 
eetablUbed  just  as  if  it  were  already  decisively  proved  tbat  color-blind- 
0688  i8  Jocnrable.  It  is  tbeiefore  this  bypotbesis  tbiit  we  intend  to  apply 
in  wb&t  follows. 

2.— MODIFICATION  OP  THE  SIGNAL  SYSTEU. 

(d)  Other  colors  for  stgnah. — If  congenital  color-bliodness  is  incDrable, 
or  at  least  if  we  kuow  do  actaal  remedy  for  it.  it  is  necessary  to  devise 
some  other  method  (wbile  retaining  the  color-blind  in  the  employment 
of  railways)  of  guaranteeing  the  cummnnications  against  any  mistakes 
tbey  might  commit  with  regard  to  signals.  It  is  seen  by  what  precedes 
that  these  errors  can  and  mnat  occur  in  the  nse  of  the  signal  colors 
generally  aiopted,  red,  green  (and  yelUno).  This  choice  seems  there- 
fore nnfortunate.  Wilson  is  of  the  eame  opinioo.  When  red  and  green 
color-blindDess  are  the  kinds  of  complete  or  typical  partial  blindneBB 
which  are  most  generally  seen,  it  would  seem  that  the  difficnlty  might 
be  coo8iderabIy  diminished,  if,  in  place  of  using  the  actaal  colors,  those 
should  be  selected  best  suited  to  these  kinds  of  color-blindness,  althoagh 
tbey  might  not  suit  the  third  kind  of  typical  partial  color-blindness  or 
violet-blindness,  which,  according  to  the  experience  acquired  up  to  the 
pKsent  time,  is  much  more  uncommon. 

IIndonbtedly,theprinciplewebaveeDdeavoredtoeetabli8b  woaldDotbe 
radically  enforced,  but  the  practicalresnltatlenst  would  be  comparatively 
nearly  accomplished.  As  the  color-blind  has  but  two  principal  colors,  or 
tffo  clas.<)e8  to  which  he  can  refer  all  the  colors,  it  is  evident  that  to  select 
tffo  colors  that  be  can  recognize  and  distinguish  withont  the  least  hesita- 
lion,  it  would  be  necessary  to  selectone  from  each  class.  In  this  way,  it  is 
alttays  possible  to  bear  In  mind  that  each  kind  of  color-blindness  will 
always  be  able  toflndtwocolorsdistinetly  defined, but  not  more  than  two. 
It  is  therefore  necessary  first  to  ask  how  far  two  colors  for  signals  conld 
Batisfy  the  demands  of  railways  and  the  navy.  As  regards  railways, 
it  is  claimed,  and  it  may  be  conceded,  that,  in  case  of  necessity,  and 
perhaps  without  too  great  inconvenience,  two  colors  might  be  made 
to  answer.  It  is  certain  that  three  colors  are  a  great  improvement 
apon  two.  Let  ns  admit,  however,  that  two  colors  would  answer,  and 
that  it  were  desired  to  sacrifice  the  advantage  of  three  colors  for  an- 
other advantage,  namely,  that  of  retaining  in  the  service  of  railways  the 
color-blind,  there  will  still  remain  the  necessity  of  making  a  good  selec- 
tion of  these  two  colors.  This  is  more  easily  said  than  doue.  The  choice 
mnst  be  so  made  that  one  color  may  be  selected  from  each  of  the  two 
gronpsin  which  all  the  colors  are  classed  according  to  the  system  for  the 
color-blind.  Now,  it  is  found,  as  we  have  already  seea  in  the  instances 
of  the  principal  colors  of  the  red  and  greenblind,  tbat,  amongst  the  seven 
colors  of  the  rainbow  perceptible  to  the  normal  observer,  four,  namely, 
Ted,  orange,  yellow,  and  green,  belong  to  one  class,  and  throe,  especially 
bloe,  indigo,  and  violet,  to  the  second.     Consequently,  one  of  the  colors 
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must  be  red,  orange,  yellow,  or  greeo,  and  tbe  other  blue,  indigo,  or  violet 
It  shonld  very  nataralty  be  oar  object  to  give  tbe  preference  in  tbe 
selection  to  the  colors  which  most  strongly  affect  the  eye  at  the  time  of 
the  comparison.  Kow,  the  most  intense  colors  of  the  spectrnm,  that  is 
to  say,  the  moat  vivid  colore  which  enter  into  the  white  light  of  the  sau, 
are  yellow  ami  blae,  odo  of  each  of  the  two  groaps.  We  then  select  then, 
the  more  willingly,  that  the  ligbt  of  tbe  lantern  Is,  witboat  soy  prepara- 
tion, and  to  a  very  high  degree,  yellow,  thoneh  it  is  not  homogeneoas. 
Bat  we  are  far  from  being  so  fortnaate  with  regard  to  bine.  We  hero 
encounter  a  difflcaity,  on  the  contrary,  wbioh  indnces  as  to  doabt 
whetlier  a  cbauge  of  colors  will  accomplish  the  desired  end. 

Ou  all  colored  enrfaces — flags,  paintings,  semaphores,  etc — employed 
by  railways  to  reflect  daring  tbe  day  the  sanlight  or  daylight,  the  pro- 
posed colors  answer  perfectly  witboat  any  donbt,aDd,ia  all  probability,Da 
color-bliad  individual  of  tbe  kinds  specified  would  nominally  malce  mis- 
talies  of  judgment.  Bat  the  night-signals  are  quite  another  matter,  and 
are  by  far  more  important  for  many  reasons.  This  is  therefore  why  ve 
prefer  to  attach  here  so  much  importance  to  them,  as  daring  the  day  a 
multitade  of  different  circumstances  might  give  warning  of  danger, 
while  during  the  night  tbe  colored  ligbt  is  the  only  signal  which  indi- 
cates it. 

The  colored  lights  ased  for  night-signals  are  made,  as  all  know,  by  plac- 
ing colored  glass  before  tlie  flame  of  a  lantern.  The  use  of  Bengal  lights 
as  regular  signals  could  scarcely  be  introduced  into  practice.  Now,  a 
colored  glass  produces  a  colored  light,  because,  of  all  the  kinds  of  li^t 
radiated  from  the  flame,  but  one  kind  [or,  at  least,  mainly  one  kind)  is 
allowed  to  escape,  while  all  the  others,  or  a  greater  part  of  the  others, 
are  absorbed  by  the  glass.  Thus,  blue  glass,  according  to  its  tbicknesa 
or  degree  of  coloring,  absorbs  all  the  other  kinds  of  ligbt  emitted  by  tbe 
flame  of  the  lantern,  allowing  only  the  blue  rays  to  escape.  But,  no- 
fortunately,  as  is  well  known  by  direct  experience,  the  flame  of  the  lan- 
tem  emits  comparatively  but  a  small  amoaat  of  blue  ligbt  when  rape- 
seed  oil  and  photogene,  or  generally  any  of  our  ordinary  sources  of 
artificial  light,  are  employed ;  and  this  is  why  all  appear  yellow  or  red 
wbeo  compared  with  the  light  of  day.  Uoder  such  circumstances,  blue 
glass  can  naturally  transmit  only  a  small  amoaut  of  blue  light ;  and  tbe 
light  of  a  blue  lantern  must  conseqaently  always  be  very  feebly  lumi- 
nous. 

What  we  have  just  said  of  blue  applies  equally  to  indigo  and  violet, 
Tbe  proposed  changes  of  the  colors  of  signals  famishes,  therefore, 
but  two  colors  in  place  of  three ;  and  then  one  is  a  very  feeble  ligbt, 
so  that  it  is  difllcult  to  see  it  far  off  so  long  as  it  is  suGQcieutly  colored. 
This  state  of  things  scarcely  holds  out  much  inducement  to  introduce  a 
reform  of  this  nature.  And  it  seems  the  more  dnugerons  that  this  change 
of  colors  in  the  signals  would  cause  those  with  normal  sight  amongst  tbe 
personnel  to  run  the  same  risk  that  the  really  color-blind  do ;  I  mean  that 
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tbey  wonld  be  forced  to  distinguisli  and  jadge  tbe  nigtit-signals  atone 
bf  tbe  inteasity  of  the  ligbt. 

The  result  of  all  tbat  we  bave  jost  said  is,  it  seems  to  08,  tbat  the 
propoBcd  change  of  the  signal  colors  is  not  very  practical,  and  snch 
would  be  tbe  case  with  any  other  choice  of  two  colors.  It  must  at  least  be 
conceded  that  the  new  signal  colore  would  be  to  every  normal  observer 
worse  than  those  now  in  use  with  ns,  as  with  nearly  all  nations;  in 
brief,  if  they  were  adopted,  it  would  diminish  tbe  pnblic  safety.  We 
most  add  tbat,  by  adopting  them,  the  principle  we  bave  explained 
is  not  taken  into  consideration,  according  to  which  it  is  uwesaary  to 
nae  a  system  of  sigoals  adapted  to  all  kinds  of  color-blindness,  since 
the  violet-blind  are  not  able  to  disUngaish  between  yellow  and  btoe. 
The  propoeed  change  sboald  therefore  be  rejected,  it  seems  to  nn,  on 
eveiy  practical  couaideratJon. 

m  Colorlesa  light  and  darkneaa,  black  and  white. — It  has  been  seen 
tbat  it  ia  impossible  to  hope  for  colored  «gnals  suiting  every  one, 
wlorbliod  or  not ;  it  becomes  necessary,  therefore,  to  try  to  devise  a 
{Abo  for  establishing  a  system  of  signals  independent  of  colors,  and 
based  upon  the  introdnction  of  a  colorless  light  of  different  degrees  of 
inteoaty.  While  there  is  nothing  more  sensible  to  our  sight  than  the 
relative  intensity  of  two  lights  placed  side  by  side  (when  tbe  absolute 
iutensity  does  not  exceed  certain  limits),  in  the  present  case  the 
ooly  comparison  involved  is  made  from  memory,  so  to  speak,  which 
is  equivalent  almost  to  an  appreciatioD  of  the  absolute  intensity 
of  light  We  are  so  far  from  being  able  to  judge  of  this,  that,  in  spite 
of  a  deeply  felt  need  and  constant  efforts,  science  even  has  not  euc- 
ceeded  in  discovering  suitable  measures  to  apply  to  it. 

It  is,  however,  necessary  to  acknowledge  here  that  a  system  of  signals 
based  only  on  two  extremes  of  intensity  of  light,  namely,  on  light  and 
dukneao,  white  and  black,  ought  to  suit  the  normal  observer  as  well  as 
tbe  color-blind.  Moreover,  snch  a  system  ought  to  satisfy  all  exigencies, 
provided  it  is  practically  applied,  and  tbat  two  signals  only  are  sufficient. 
A  white  and  black  flag,  etc.,  would  fully  suffice  during  the  day ;  but 
tach  wonld  unfortunately  not  be  tbe  case  at  night,  for  a  black  light  Is 
a  coDtradiction  of  terms,  and  it  would  be  necessary,  consequently,  ac- 
cording to  this  syalem  for  the  night,  when  signals  are  of  the  greatest 
importance,  to  be  limited  not  to  three,  but  to  one  signal  only,  unless  the 
absence  of  all  sigoals  could  be  considered  as  one.  Here  it  might  be 
veil  asked,  whether  the  better  system  is  not  that  which  is  based  on  tbe 
alternations  of  darkness  and  light,  tbat  is,  movable  signals  or  eclipsed 
signal-lights.  As  far  as  we  know,  no  system  has  yet  been  discovered, 
based  upon  tbe  principles  alluded  to  above,  which  could  advantageously 
take  tbe  place  of  tbe  one  actually  in  use.  ' 

(c)  form,  itutcement,  number.— If  we  do  not  succeed  in  finding  a  snit- 
>ble  system  of  signals,  based  on  tbe  differences  of  the  quality  and  qoan- 
ti^  of  light,  there  remains  but  to  appeal  to  some  arrangement  in  8[iaoe, 
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if  absolately  limited  to  the  visual  sense.  Many  different  ways  suggest 
themselves  of  varying  tbe  signals  by  form  and  arrangement  in  space: 
large  brilliaDt  surfaces  arranged  in  different  forms ;  several  amati  lights 
grouped  iu  different  positions  with  reference  to  each  other;  lights  sim- 
ply disposed,  but  differing  in  value  as  signals  according  to  their  number, 
or  else  illuminated  figures  of  simple  colors,  and  produced  by  different 
movements,  and  so  on.  A  practical  difficulty  seems  to  be  connected 
with  such  a  system ;  the  signals  require  tbe  illuminated  surfaces  to  be 
large  enough,  or  placed  at  distances  considerable  enough  between  the 
luminous  points,  to  appear  distinctly  afar  off;  now  the  larger  snoh  a  fig- 
ure, having  the  outlines  marked  with  lumioous  points,  tbe  greater  the 
risk  that  a  portiou  of  it  bo  hidden  by  other  objects  interveniog  between 
it  and  the  eye.  These  two  inconveniences  must  be  apparent,  partim- 
larly  if  these  surfaces  aod  illuminated  figures  have  to  be  placed  at  eveiy 
point  where  colored  lanterns  are  found,  as  for  example  on  locomotives 
and  cars. 

If  the  system  of  signals  were  based  npon  form,  and  all  persons  dis- 
charged from  the  service  of  railways  who,  in  consequence  of  an  imperfec- 
tion of  vision,  could  not  clearly  and  decidedly  distinguish  these  signals  at 
a  distance,  the  proportion  of  such  would  be  larger  tfaan  that  of  tbe  color- 
blind. To  form  an  idea  of  tbe  different  capacities  of  tbe  normal  eye  in 
the  various  senses  just  mentioned,  wo  will  recommend  a  very  simple  ei- 
periineut.  Take  something,  colored  i>aper,  for  example;  make  some  plain 
figures,  such  as  letters,  one  of  which  must  be  attached  vertically  to  a 
large  black  or  white  surface.  To  prevent  any  distraction  from  subject- 
ive influences,  let  some  one  else  select  and  attach  this  letter,  while  tbe 
observer  stands  at  such  a  distance  that  even  with  the  eye  directed 
toward  it  bnt  a  single  object  can  be  seen.  If  the  letters  are  small,  it  is 
not  necessary  that  the  distance  should  be  very  great.  Then  if  the  sym- 
bol be  slowly  approached,  with  tbe  eye  fixed  on  the  colored  surface,  tbe 
following  observations  in  the  order  in  which  the  different  impressions 
succeed  each  other  will  be  made.  When  the  letter  is  first  perceived, 
neither  form  nor  color  can  be  distinguished ;  nothing  is  seen  but  apoint 
or  patch  darker  than  the  backgronnd,  if  that  be  white,  or  lighter,  if  it 
be  black.  The  first  attribute  remarked,  as  the  distance  diminishes,  is  its 
color.  When  the  color  is  very  distinct,  it  is  necessary  to  approach  con- 
siderably nearer  t>efore  the  form  is  perceptible,  that  is  to  say,  before  this 
letter  can  be  read,  and  its  name  given.  This  simple  experiment  clearly 
shows  that  tbe  eye, as  far  as  it  is  possible  to  compare  its  cai>acitiesiu  differ- 
ent directions,  is  first  sensible  to  the  relative  intensity  of  light,  then  to 
color,  and  dually  to  form.  It  would  be  necessary,  of  course,  toconsider 
various  circumstances  relative  to  the  choice  of  color,  form,  etc.,  if  the 
experiment  should  be  made  with  exactness  to  serve  as  a  basis  for  a 
scientific  demonstration.  It  would  appear  therefore  that  a  system  of 
signals  based  on  the  power  of  distinguishing  light  from  darkness  is  less 
suitable  than  the  one  now  in  use ;  not  only  because  this  is  baaed  upoD 
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the  principle  of  tbe  difference  in  the  quality  of  light,  that  is  to  say,  on 
color,  bat  tiecaase,  ia  the  upplication,  the  very  colors  bare  l>een  choseu 
vfaich  iu  practice  are  tbe  beet  udapteil  to  tlie  object  in  view.  Expe- 
rieoce  also  seems  to  have  decided  in  fitvor  of  this  system,  »ince  in  ttpita 
of  tbe  sabstitates  proposed  with  a  view  to  retain  the  color-blind,  it  has 
np  to  the  present  time  maintained  its  ascendency,  so  to  speak,  through- 
oat  tbe  eutire  world. 

3. — DISMISSAL  OP  THE  COLOR-BLIND, 

It  now  retnaius  to  solve  tbe  question  of  what  reform  is  preferable.  Is 
it  necessary,  in  order  to  facilitate  the  free  iidmission  of  all  classes  of 
color-blind  to  the  service  of  railways,  to  change  a  RyHtem  of  signals 
recognized  as  the  best  and  generally  accepted,  or,  contiuning  tbe  system, 
to  discard  the  incompetent  t  It  is  manifest,  from  what  we  have  just  said, 
which  measure  is  most  conducive  to  tbe  safety  of  railway  Hues.  All 
depends  apou  knowing  whether,  from  solicitude  for  the  color-blind,  any 
measures  tending  to  diminitib  systematically  or  on  principle  this  security 
abonld  be  countenanced.  We  are  fortunately  accustomed  to  accepting 
the  maxim  that  private  interest  must  yield  to  the  general  welfare.  Tbe 
proportion  of  color-blindness  in  the  population  of  a  country  is  relatively 
very  small.  It  is  truo  that  railway  emploj^s  nrc  not  made  for  signals, 
hot  tbe  signals  for  them ;  yet  it  is  no  less  certain  that  in  this  matter  the 
first  consideration  masC  be  the  public  good,  and  not  a  jiersonnl  advao- 
toce.  It  is,  without  doubt,  very  praiseworthy  to  desire  that  any  one 
afflicted  with  a  congenital  defect,  for  which  ho  is  not  responsible,  should 
Dot  be  debarred  from  euteiiug  every  career  open  to  those  more  favored  by 
nature.  But  this  case  is  not  peculiar,  for  there  are  many  other  careers 
to  which  every  one  has  not  access  for  want  of  tbe  natural  ability  requi- 
site for  the  efQcieot  discharge  of  the  duty;  and  there  are  numbers  of 
persons  who,  in  conseqnence  of  some  natural  defect,  cannot  be  admitted 
into  even  the  most  common  occupations.  We  will,  therefore,  maintain 
the  positiou  that,  its  long  as  the  existing  system  of  signals  used  on  rail- 
ways is  considered  in  almo.it  all  respects  the  best  known,  it  is  indis- 
pensable that  no  one  incapable  of  rapidly  and  accurately  distinguiabing 
red,  green,  and  yellow  should  be  allowed  to  fill  any  position  on  railways 
involving  any  connection  with  colored  signals. 

IV—GESERAL  PRINCIPLES   AND   PLAN   OF   CONTROL   OF 
THE  CHROMATIC  SENSE. 

It  is,  of  course,  to  the  interest  of  railways  not  to  take  into  tbeir  ser- 
vice persons  having  any  degreo  of  defect  in  tbeir  chromatic  sense.  It 
nntt  be  acknowledged  that  in  several  posts  on  railways,  the  observation 
of  signals  is  not  considered  an  indispensable  n-quisite ;  but  as  it  is,  at  least, 
DDfortanate  to  have  an  emploj4  who  can  not,  in  cnse  of  need,  attend  to 
tbe  signals,  we  consider  this  reason  alone  as  quit«  sufficient.    For  do  one, 
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and  stilt  lesR  a  color-blind  iadiTidDnl,  could  be  regarded  as  born  esft- 
cially  for  a  railway  employ^.  Ifumerons  other  vocations  are  open  to  tba 
color-bltod,  althoagh  tbey  might,  on  accoant  of  tbis  defect,  ran  tbe  riEdt 
of  finding  themselves  excladed  fi-om  maoy  occuttationa  wbere  color- 
blindness is  much  less  iujorioas  than  to  railways.  Hence,  we  coDclade 
that  the  decision  to  be  adopted  iu  this  matter  must  be  comparativel; 
Tery  stringent,  that  is  to  say,  that  a  relatively  slight  defect  of  the  chromatie 
sense  must  suffice  to  prohiiit  admission  to  the  service  of  Tailways. 

The  question  is  quite  a  different  one  with  respect  to  those  alreail; 
employed  on  railways,  and  other  points  must  l>e  weighed.  It  may  he 
necessary,  perhaps,  to  remove  them  from  a  position  which  snitsthem, 
and  whore  they  have  earned  a  livelihood,  and  performed  their  dotiesia 
tbe  most  irreproachable  and  decorous  manuer.  It  is  just,  therefore,  that 
the  least  aeeere  principles  be  applied,  and  their  personal  itUerests  asmuohat 
possible  considered  without  violating  the  requirementsfor  the  safety  of  the  Um. 

In  tbis  case,  no  one  should  be  dismissed  without  plausible  reasons, 
and  when  any  sach  exist,  tbe  employes  to  be  discharged  should  be  trea- 
ted with  as  much  consideration  as  possible,  and  receive  a  legidmate 
compensation  for  their  loss  by  the  offer  of  another  place  or  a  peDsioo. 

In  order  tosecnrean  intelligent  supervision  and  control,  each  employ6 
shoald  submit  to  a  rigorous  examination  of  tbe  chromatic  sense,  tbat 
there  might  not  be  the  slightest  doubt  as  to  the  natare  of  its  capacity. 
To  be  able  to  attain  this  end  in  a  perfectly  certsin  and  at  the  same  time 
practical  maDoer,  while  creating  as  few  difficulties  as  possible,  is  with- 
oat  donbt  tbe  most  difficnlt  part  of  the  reform  to  execute.  It  is  admit- 
ted as  a  fhct  that  color-blindness  may  manifest  itself  in  persons  fonneriy 
endowed  with  a  perfectly  normal  chromatic  sense.  Tliis  is  what  is 
called  acquired  or  pathological  color-blindness,  ouly  lately  known,  aod 
far  from  being  as  mnch  studied  as  tbe  congenital  defect.  It  would  be 
perhaps  more  snitable  for  our  practical  purpose  to  divide  pathological 
color-blindness  into  two  classes,  one  of  which  might  be  called  general  or 
regular,  and  the  other  local  or  irregular.  We  will  understand,  by  the 
first  term,  tbat  kind  of  pathological  blindness  due  to  geuerni  cnnses,  and 
usaally  concentrically  disposed  aboat  tbe  yellow  spot;  and,  by  the  second, 
tbat  which  is  produced  by  local  causes,  and  appears  eccentrically  placed 
in  the  visual  field,  or  having  its  center  in  the  blind  spot.  This  last  class 
should  not  belong  to  tbe  subdivision  nowoccupyingus,  principally  becaase 
it  rarely  appears  in  such  a  degree  as  to  be  able  to  occHsiou  any  danger  to 
railways.  There  is  no  doubt  but  that  this  acquired  blindness  really  exists. 
Dr.Favre  and  several  other  writers  have  especially  devoted  themselves  to 
thisform  of  color-blindness  amongst  railway  employes;  they  have  pointed 
out  several  causes  to  which  it  is  due,  and  proposed  measares  for  discov- 
ering it.  It  is  of  the  highest  importance  here,  it  seems  to  os,  that  per- 
fectly certain  methods  of  investigation  should  be  employed.  Dr.  StillioK 
justly  remarks  tbat  tbe  great  f^quency  of  congenital  color-blisdDees 
constitutes  one  of  the  principal  difficulties  enconntered  iu  obtaining  ao 
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accarate  knowledge  of  pcitbological  blindoess.  It  is  also  plaia  that  in 
cases  where  pathological  color-blindness  might  be  coDfoanded  with  con- 
genital Miadoess,  there  is  do  means  of  arriving  at  a  knowledge  of  its  true 
Dktare,  nnlesa  in  an  individaal  who,  after  a  rigid  examioation  pre- 
vionsly  made  by  a  trastwortby  method,  had  been  found  to  possess  a 
□ormal  seose  of  vision.  But  it  can  scarcely  be  admitted  that  there  buvo 
been  any  sach  cases  amongst  those  hitherto  cited.  Bnt  there  is  no  better 
way  of  definitely  solving  this  qaestion  than  by  systematically  organiz- 
iag  observations  and  repeated  ezamiaationB  on  railways  where  all  the 
penonnel  have  been  previoosly  examined.  On  this  point,  amoug  many 
others,  the  interests  of  science  and  those  of  the  public  go  hand  in  hand. 

Within  the  last  few  years  sufficiently  positive  information  has  been 
gathered  to  be  able  to  form  a  fixed  plan  for  enlarging  these  examinations. 
l)r.  Favre  tells  us — accotdiog  to  his  experience  and  that  of  several  of 
his  colleagues — that  common  canses  of  color-blindness  are  contnsionsj 
serioas  illnesses,  socb  as  typhoid  fever,  etc.,  and  the  abase  of  strong 
liqaors. 

Atter  every  accident  by  rail  or  at  sea,  from  oollision,  etc.,  where  mis- 
takesin  distingnishiDg  colors  have  been  the  principal  or  secondary  causes, 
not  only  the  pertonnel  present  at  the  time  of  the  accident,  bnt  also  all 
who  have  to  give  testimony  abont  the  signals,  shnnld  be  sabjected  to  a 
rigorous  examination.  The  necessity  of  this  measore  most  be  evident 
from  what  has  been  said  before.  It  is  absurd  to  condemn  any  one  because 
some  one  who  is  blind  says  he  has  $een  him  violate  the  law,  or  to  excul- 
pate him  because  the  blind  person  has  seen  him  fulfill  this  law.  To  solve 
the  problems  involved,  it  is  necessary  to  make  periodic  examinations, 
1st,  of  every  one  who  has  a  chromatic  sense  already  acknowledged  as 
<Iefective;  2d,of  all  vho  have  had  contusions,  etc.;  and,  3d,  of  the  whole 
penonnel,  to  discover  any  color-blindness  that  may  have  arisen  withont 
appareiit  caose.  The  result  of  all  that  has  been  said  i^,  that  it  is  abso- 
lutely necessary  that  the  directors  and  principals  should  be  iierfectly 
familiar  with  the  nature  of  the  chromatic  sense  of  each  one  of  their 
Bobordinates. 

v.— SHOBT   CRITICISM   OP  THE   USUAL  METHODS  OF 
INVESTIGATIOX. 

Oar  exposition  of  color-blindness  has  shown,  we  hope,  that,  in  spite 
of  its  wide  divergence  from  the  normal  chromatic  sense,  it  is  not  so 
easily  discovered  as  one  might  imagine;  quite  the  coiitrnry.  Just  in 
proportion  to  the  increase  of  our  knowledge  of  color-blindness  and  the 
pecaliarities  of  its  subjects  have  we  been  led  to  establish  different 
■nsthodsfor  its  discovery.  Several  already  exist,  which  diSer  from  each 
otJier  in  the  very  principle  upon  which  they  rest  or  in  the  application 
of  this  principle. 

Supposing  the  usual  signal-lights  be  presented,  one  after  the  other, 
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to  the  perBOD  examined,  he  beiog  required  to  name  the  colors  or  thor 
Tulaeos  signals,  his  chromatic  sense  could  not  t>e  judged  b;  his  answer. 
For  we  have  seen,  on  one  side,  that  the  color-Mind  can  gaees  correctlj 
in  such  cases,  and,  on  the  other  band,  it  is  scarcel;  necessary  to  ba;  that 
the  normal  observer  might  make  a  mistake  in  the  name,  either  from  negli- 
gence, through  inattention,  or  simply  by  a  lapsus  Uvgua.  How  msn; 
times,  then,  mast  the  trial  be  repeated  to  secure  positive  results  t  Hov 
often  must  the  individual  make  mistakes  to  be  considered  oolor-bliod! 
How  many  times  may  he  make  them  without  being  considered  color- 
blind f  Evidently  there  is  uo  categoiical  answer  to  these  questions.  We 
are  therefore  authorized  to  conclude  that  the  examination  by  means  oi 
rail  way -Ian  terns,  for  discovering  color-blindness,  must  be  considered  for 
several  essential  reasons  as  an  impracticable  method,  and  cooseqneatly 
to  be  r^ected.  The  use  of  flagS]  for  the  same  purpose,  is  still  wone. 
A  general  priuoiple,  applying  to  every  exumiDation  of  the  chromatic 
seuse,  is  that  snch  examination  should  not  at  Urst  endeavor  to  trace  Qm 
connection  of  the  chromatic  sense  with  signals  of  any  kind  whatsoever, 
but  have  in  view  only  the  discovery  as  to  whether  the  subject  uorU 
not  eolor-blindy  or  whether  the  chromalia  sense  is  defective  or  nonui. 
While  none  of  the  various  methods  proposed  can  be  condemned  as  ab- 
solutely barren,  there  are  several  which,  used  alone,  never  give  poNtive 
results,  or  give  them  only  iu  a  limited  number  of  cases,  or  else  caose 
so  great  a  loss  of  time,  and  are  so  inconvenient,  that  they  ought  to  be 
rejected  from  this  consideration  alone.  We  class  amongst  these  methods 
all  those  which,  as  in  the  examination  by  means  of  the  lautero,  have  a 
tendency,  iu  principle,  to  place  before  the  one  to  be  examined  difTerant 
colors  or  colored  objects  to  be  named  by  him.  The  real  question  is  not 
to  discover  the  degree  of  skill  coruparatively  attained  by  each  one  in 
correctly  naming  the  colors,  but  the  mauner  iu  which  he  sees  them,  or, 
in  other  words,  the  nature  of  bis  chromatic  sense.  Any  method  fulflll- 
ing  this  requirement  must,  iu  principle,  be  based  upou  the  compariim 
between  diQ'erent  colors,  ami  au  investigation  into  the  canses  of  the  con- 
fusion of  the  color-bliud  about  several  of  them. 

An  example  will  more  clearly  illustrate  our  idea  and  show  its  impor- 
tance. Let  ns  take  a  green-blind  individual;  we  know  by  experience 
that  be  confuses  or  finds  a  perfect  resembtanise  between  the  shades  of 
three  colors  very  different  to  the  normal  eye.  I  allude  topurple,  grreo, 
and  gray.  The  reason  of  this  is  very  simple  according  to  the  theory; 
the  green-blind  is  void  of  the  organ  for  perceiving  green.  Purple,  green, 
and  gray  are,  in  reality,  the  same  volor  to  the  eye  of  the  green-blind, 
but  he  has  heard  three  names  given  to  these  colors  under  different  cir- 
cumstances. The  result  of  this  will  be  that  he  williu  his  turn  desifiiiate 
this  color  sometimcH  by  one  and  sometimes  by  another  of  these  names, 
or  else  he  will  only  use  one,  especially  tho  one  be  first  remarked  or  beard 
most  frequently  applied  to  this  color.  If  the  subject  use  all  three  names, 
he  will  apply  them  correctly  in  some  instances  and  incorrectly  in  otberB. 
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Bat  if  he  employ  s  single  name,  it  might  in  n  conseqaeDt  manner  be, 
according  to  the  oaBe,;)urpIe  (improperly  called  red),;re£»,  or  gray.  Sap- 
poeingthat  heoses  "green,"  according  to  the  deDomioatiDg  method,  his 
chromatic  sense  vill  beju<lged  as  imperfect  for  purple  and  for  gray,  bat 
as  correct  for  green.. 

From  onr  point  of  view,  therefore,  Dr.  Pavre's  method  does  not  seem 
satisfactory.  Besides,  not  appearing  to  as  certain,  and  not  supplying 
ns  with  any  basis  for  a  nsefnl  classification,  it  reqaires  more  time  than 
isespedieut;  nevertheless,  this  principle  seems  nsnnlly  applied  in  France 
and  England. 

J>r.  Stillings's  method  is  also  fonuded  upon  the  desigoation  of  colors, 
and,  if  for  no  other  reason,  it  should,  we  think,  be  condemned.  This 
method  ia  based  upon  the  principle  of  colored  shadows.  Before  a  bril- 
liant light  in  a  dark  room  a  colored  glass  is  held,  so  that  the  light,  pass- 
ing through  the  glass,  and  in  consequence  colored  by  ab8on>tion,  strikes 
a  white  sorfiice,  a  sheet  of  paper  for  instauce,  at  right  angles.  Id  the 
ueigbborbood  of  this  sheet,  aud  between  It  and  the  glass,  a  slender 
and  opaque  object,  a  pencil,  say,  is  held  in  such  a  manner  that  its 
shadow  distiuctly  falls  upon  the  paper.  This  shadow  then  seems  tinted 
vith  the  complementary  color  of  the  glass,  that  is  to  say,  it  shows  the 
different  shades  of  purple  or  red  if  the  glass  is  green ;  green  or  blue- 
green  if  tbe  glass  is  red,  etc,  in  accordance  with  the  Yonog-Helmholtz 
theory.  According  to  Dr.  Stilling,  the  color-blind  will  bo  recognized  by 
the  fact  that  the  shadow  in  question  appears  to  him  nncolored,  black 
or  gray,  while  to  the  normal  observer  it  assamea  the  contrasted  color,  and 
the  diagnosis  is  established  according  to  the  names  applied  to  tbe  colors 
of  tbe  shadows  by  tbe  color-blind.  It  must  be  evident  that  his  method 
deserves  very  little  confidence,  and  that  it  simply  depends  upon  a  chance, 
vhether  after  sach  a  proof  a  normal  observer  may  not  be  declared 
color-blind.  Besides,  as  the  judgment  is  based  upon  the  name  given  to 
the  colored  shadow  by  the  subject  examined,  it  may  readily  happen 
also  that  a  color-blind  person  may  be  declared  to  have  normal  sfght,  if, 
as  is  often  the  case,  he  goess  the  true  name  of  the  color.  Briefly,  then, 
this  method  is  not  snre  under  this  form.  This  Judgment  is  not  founded 
merely  upon  theoretic  reasons,  bat  also  upon  a  large  number  of  direct 
experiments,  and  ia  also  confirmed  by  the  examples  cited  by  Dr.  Stil- 
ling himself. 

It  does  not,  however,  follow  that  colored  shadows  may  not  be  ased  in 
the  etamination  of  the  chromatic  sense,  if  so  arranged  that  the  exam- 
iner can  perfectly  regulate  the  light  according  to  his  pleasure.  Accord- 
ing to  my  method,  with  mirrors  and  two  lights,  »  compariaon  between 
two  colors  may  be  established.  The  green-blind  here  finds,  as  elsewhere, 
a  resemblance  between  a  certain  shade  of  green  and  pnrple,  etc  As 
hy  this  method  the  intensity  of  the  light  may  be  exactly  rogalated,  the 
feeble  perception  may  also  be  relatively  determined.  The  experiment 
we  have  made  about  this  declares  in  favor  of  the  Touug-Helmholtz 
12  8  .  , 


178  COLOR-BLIHDBESS  IN  ITS  EELATIOB    TO 

theory,  bnt  it  baa  besides  convinced  ns  that  tlie  colored  shadovs  ate 
not  snitable  for  the  discovery  in  the  first  instance  of  color-blindneas. 
Tbis  is  the  same  case  with  Bagona  Scina's  method  of  represeDting  crai- 
plemeutary  colors;  and  also  that  of  Bose,  which,  praottcally,  strong 
resembles  the  preceding. 

After  having  named  the  processes  which,  according  to  oar  convic- 
tions, are  not  suitable  for  the  end  in  view,  ve  most  mention  two  other 
methods  which  thoroaghly  supply  us  with  the  information  wanted. 
One  Is  dne  to  Beebeck;  the  other  to  Maxwell.  They  are  both  founded 
on  the  eainpariton  of  colors,  and  do  not  assume  cither  any  knowledge 
or  any  use  of  the  names  of  colors,  which  is,  we  think,  an  essential 
advantage. 

Maxwell's  method  consists  in  representing  two  colore  on  a  rotatory  didt, 
to  be  compared  by  Uie  person  under  examination,  the  tints,  degree  of 
"satnration,"  and  intensity  of  light  of  which  may  be  changed  at  will 
Tbey  can  be  modified,  until,  to  the  color-blind,  they  attain  an  absolate 
resemblance.  Tbe  chromaticsense  is  then  jndged  by  its  dissimilarity  to 
that  of  the  normal  eye.  It  is  in  this  that  tlie  force  and  accuracy  of  the 
method  consist.  It  shows  us  with  certaiuty  how  the  subject  sees  tbe 
colors  as  compared  with  each  other.  The  Young-Helmholtz  theoiy  is 
confirmed  by  Maxwell's  method,  as  this  shows  us  that,  by  the  aid  of 
only  two  primitive  colors,  we  can  exhaust  the  whole  cbromatic  scale  of 
the  color-blind. 

Seebeck's  method  consists  in  making  the  individual  to  be  examiued 
classify  a  number  of  colored  objects  according  to  theit  reciprocal  resem- 
blance or  dissimilarity.  In  tbis  way,  we  have  at  once  a  complete  picture 
of  tbe  person's  cbromatic  sense.  We  learn  what  colors  be  distioguishea 
and  which  he  confounds.  By  tbis  method,  also,  we  can  know  how  be 
sees  colors  iu  their  relations  to  each  other.  But,  althongh  these  tvo 
methods  Breper/ectly  reliable,  tbey  are  not  entirely  suitable  for  a  practi- 
cal purpose,  because  they  require  much  time  and  are  very  inoonvenienti— 
that  of  Maxwell  for  the  examiner  and  that  of  Seebeck  for  the  examiued. 
He  who  has  examined  a  large  nnmber  of  color-bliud  by  Maxwell's 
method  knows  only  too  well  how  much  time  this  investigation  consumes, 
in  however  incomplete  a  manner  it  is  made.  This  arises  from  the  extreme 
aflfectation  of  precision  by  the  color-blind.  It  is  not  difficnlt  for  one 
with  normal  sight  to  point  out  two  similar  colors  on  the  rotatory 
disk,  beeaose  tbe  essential  point  is  tbe  resemblance  in  tbe  tint  of  the 
color.  But  tbe  color-blind  persoo  who  cannot  perceive  this  tiut  re- 
quires a  complete  resemblance  in  the  intensity  of  light  or  in  the  degree 
of  *' saturation,"  and  in  this  lies  the  difficulty.  His  appreciation  often 
depends  upon  the  addition  of  a  minimum  of  white  or  black,  which  is  U 
him  of  the  greatest  importance,  although  the  normal  observer  cannot  per- 
ceive any  difference.  We  may  add  that  the  method  is  very  fatignios 
and  ioconvenient  to  the  examiner,  on  account  of  the  continoal  changes 
made  in  tbe  colors,  and  the  incessant  work  that  the  rotation  of  the 
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apparatus  necessitatea.  Finally,  if  we  state  that  tbe  apparstns  is  some- 
vhat  expensive,  aod  is  couiparativ«Iy  difflcnlt  to  transport,  it  will  safBce, 
it  seems  to  as,  to  ooademn  its  ase  as  a  method  of  the  first  order  when  it 
Is  r^iaired  to  make  tfae  examination  on  a  multitode. 

The  method  of  Seebeck  causes  much  loss  of  time  by  obliging  those 
ejamined  to  classify  a  iarge  nnmber  of  colored  objects.  This  is  not  an 
easy  task  for  then.  It  not  only  progresses  very  slowly,  reqniring  per- 
haps an  boor,  but  costs  mncb  tronble  and  evident  effort.  One  may 
obtain  a  tolerably  clear  idea  of  this  by  attempting  to  do  the  same  work 
idth  the  ase  of  bine-green  eyeglasses.  The  colors  are  then  seen  and 
classified  very  nearly  as  they  are  by  the  red-blind,  and  almost  the  same 
difficulty  is  experienced.  Seebeck's  method,  however,  is  saperior  to 
Maxwell's  in  this,  that  it  requires  the  subject  to  make  an  active  ose  of 
his  chromatic  sense,  while  tbe  other  allows  him  to  remain  passive,  and 
merely  annoauce  bis  decision.  Both  methods,  however,  reqaire  too 
much  time  to  be  employed  with  advantage  for  the  pnrpoae  in  question. 
But  they  are  the  best  methods  known  to  us  at  present. 

The  perimetric  exploration  with  FSrster's  apparatas  may  be  excellent 
in  more  than  one  case  for  examining  those  before  examined,  bnt  it  is 
not  advisable  alone  aod  as  a  primitive  method.  It  is  even  inapplicable 
to  some  persons ;  it  entails  much  loss  of  time,  requires  macb  exertion  on 
the  part  of  the  one  examined,  and  requires  an  expensive  instrament, 
vhich  is  besides  very  inccnrenient  for  transportation. 

It  may  be  very  interesting  scientifically  to  use  the  spectrum  for  exam- 
ining the  color-blind ;  but  this  method  is  not  very  appropriate  for 
practical  parposes ;  it  reqaires  costly  apparatus,  and  different  arrange- 
ments, which  render  it  more  or  less  long  and  inconvenient.  It  does  not 
enter  into  our  plan  to  give  an  account  here  of  all  the  known  methods 
that  may  be  used  in  the  first  inspection,  or  when  desired  to  establish  a 
test  for  examination.  We  shall  limit  ourselves  to  the  examples  cited, 
and  to  explain  in  a  special  chapter  tbe  method  we  have  onrselves  nsed, 
and  which  of  all  tried  seems  to  us  best  adapted  to  the  parpose. 

TI— NEW  PRACTICAL    METHOD    FOR  DISCbVEBISG  AND 
DETERMINING  DEFECTS  OF  THE  CHKOMATIC  SENSE. 

The  method  we  are  going  to  describe  here  has  been  employed  in  all 
the  examinations  of  the  chromatic  sense  of  the  different  classes  of  tbe 
population  which  have  been  made  in  Sweden. 

Ir— A  SHOBT  SKETCH  OP  THE  OENEBAI.  PBIHCIPLES  OP  IHS  UETHOD. 

Theoretically,  oar  method  most  resembles  those  of  Seebeck  and  Maz- 
vell,  as  it  is  based  upon  a  comparison  between  different  colors.  It  there- 
fore first  seeks  to  discover  tbe  chromatic  perception  of  the  sabjeot,  disre- 
garding tbe  names  he  gives  to  tbe  colors,  as  generally  it  is  not  oeces- 
sary  he  should  designate  the  names.    Our  method  resembles  Seebeck's 
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most  in  thia,  that  it  does  not  reqoiro  a  special  apparatas  for  preparing  the 
necessary  tints  for  the  examination ;  it  aaaomes  there  will  be  a  sopply  of 
objects  of  different  colors  provided  iu  ndvance.  It  agrees  again  with  this 
method  in  not  allowing,  as  Maxwell's  does,  the  person  examined  to  remain 
passive,  and  simply  give  his  opinion  of  the  resemblance  or  dissimilarity 
of  the  shades  indicated,  but  requires  him  to  discriminate  and  select  the 
shades,  and  in  cooseqaence  reveal  by  an  act  the  natare  of  bis  chromatic 
sense.  But  practically  our  method  differs  essentially  from  Seebeck's. 
His  certainly  gives,  in  a  certain  sense,  more  complete  resnits  than  oats 
by  requiring  the  subject  to  thoroughly  citissify,  in  accordance  with  th«r 
reciprocal  resemblances  and  dissimilarities,  the  varioas  differently  col- 
ored objects  placed  before  him.  A  complete  table  of  bis  whole  system 
of  colors  is  the  result  of  this.  Our  method,  on  the  contrary,  requires  the 
person  examined  to  select,  amongst  a  large  namber  of  variously  colored 
objects,  those  alone  which  resemble  the  sample  shown  him  by  theei- 
aminer.  The  difference  is  evident.  Seebeck's  method  is,  without  auj 
doubt,  preferable  when  the  nature  of  the  color-blindness  in  the  aggregate 
is  to  be  considered ;  that  is,  so  long  as  this  is  yet  unknown.  His  method 
then  gives  a  more  complete  idea  than  oora  of  the  natareof  the  color-blind- 
ness. But  for  our  actual  purpose,  the  main  question  is  to  discovers 
defect,witb  the  entire  natare  of  which  we  are  acquainted  in  advance. 
Our  practical  mission  then  is  evidently  to  discover,  if  possible,  some  cer- 
tain sign  which  will  enable  us  to  accomplish  this  end  by  the  shortest  pos- 
sible route.  If  a  single  proof  which  would  detect  the  color-blind  as 
certainly  as  if  he  revealed  to  us  his  entire  system  of  colors  were  discovered, 
this  would  UDdoabtedly  be  the  method  preferred  to  any  other,  as  it  would 
accomplish  the  object  mnch  more  quickly  and  easily.  This  is  the  «we 
with  oar  method.  We  are  far  from  denying,  in  general,  the  value  of  a 
ttioroagh  examination,  but  we  will  say  that  it  may  sometimes  be  sap«r- 
fluoas.  Its  practical  advantage  will  not  bo  very  great,  if  at  the  cost  of 
a  great  loss  of  time,  and  it  may  even  be  prejudicial,  if,  under  a  multitude 
of  details,  it  conceal  what  is  essential ;  in  a  wonl,  prevents  our  "seeing 
the  city  on  accoant  of  the  houses."  All  this  may  bo  applied  to  Seebeck's 
method,  when  the  object  io  view  is  the  one  of  wbicb  we  are  in 
pursuit.  Our  method  again  endeavors  to  seize  as  rapidly  as  pos^ble 
one  or  two  essential  characteristics  while  neglecting  all  the  others.  A 
single  caudal  feather  of  the  peacock  reveals  whence  it  came;  a  single 
flower  or  fruit,  the  plant  whence  it  was  plucked ;  and  the  genus  mao  is 
recognized  if  we  can  hut  see  a  face.  It  is  only  when  the  face  la  muti- 
lated, the  Bowers,  fruits,  and  caudal  feather  are  defective,  that  in  certoio 
cases  it  is  necessary  to  have  recourse  to  other  characteristics.  Oar 
method  rests  npon  these  principles;  it  also  offers  the  same  security  M 
Seebeck's.  But,  as  regards  the  time  necessary  to  accomplish  the  exnmi- 
uation,  it  bears  nearly  the  same  relation  to  that  of  the  learned  Glerman, 
that  a  minute  does  to  an  hour.  This  may  seem  a  very  trifling  matter 
at  the  first  glance,  but  is  in  reality  of  immense  practical  importiDCO 
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wben  It  mallitade  or  persons  are  to  be  saccesaively  ezamioed.  A  simple 
calcnlatiou  shows  as  in  fact  ttat  aa  exninioatioD  requiring  one  day  b; 
oar  method  wonld  require  two  months  by  Seebeck's. 

It  is  bat  just  to  acknowledge  that  it  was  only  by  weighing  the  resnlts 
obtained  by  Seebeck's  method  and  following  the  Yoang-Helmholtz 
theory,  ae  well  ae  the  principles  we  have  indicated  as  indispensable  to 
a  practical  method,  that  we  have  ancceeded  in  formulating  oar  own 
method,  such  as  we  shall  explain  it  in  what  follows.  We  also  will  re- 
mark that  it  is  very  simple  and  easily  mastered;  bat  we  think  this  is 
likewise  often  the  case  with  all  that  is  useful  and  practical,  and  that 
umplicity  oSers  great  advantages.  We  prefer  this  methpd  because  it 
seems  to  ns  more  than  any  other  to  fulfill  the  conditions  we  have 
pointed  out  as  necessary  to  a  practical  method,  namely,  certainty,  rapid- 
ity, aad  conveoience.  The  only  inconvenience  of  any  moment  besides 
those  it  has  in  common  with  u  greater  part  of  the  others  is  that  it  re- 
qoires  daylight.  It  can  undoubtedly  be  used  by  artificial  light  (elec- 
Irical  and  calcium  lights,  and  certain  arrangements  of  lamp-lights  with 
blae  glass),  bat  this  causes  mnch  loss  of  time. 

After  this  rapid  sketch  of  the  general  principles  of  the  method,  we 
will  proceed  to  give  its  details,  and  shall  not  fail  to  mention  generally 
the  reasons  why,  amougst  several  possibilities,  we  have  selected  this  or 
that  process. 

2.— TBE  MATEKIAL  AND  ITS  ABEANGEMENT. 

Oar  method  demands  neither  costly  apparatus  nor  a  special  place  for 
the  examination.  The  only  necessary  elements  are  a  number  of  variously 
colored  objects.  It  consists  in  taking  one  from  a  nnmberof  oljectspro- 
miscnonslf  thrown  together,  and  asking  the  person  examined  to  select 
from  amongst  them  all  the  others  corresponding  with  tbo  first  in  color. 
With  regard  to  the  colored  objects,  itof  course  matters  little  in  principle 
what  their  nature  is,  as,  in  the  main,  the  method  never  changes,  no  mat- 
ter what  the  kind  selected.  But,  practically,  the  choice  is  by  no  means 
a  matter  of  indifference.  Among  the  ordinary  objects  suggested,  and 
also  used  for  the  purpose,  are  pieces  of  colored  paper,  glass,  or  silk, 
or  Berlin  wool,  etc.,  the  last  of  which  seems  to  us  the  best,  for  the 
lollowing  reasons :  One  of  the  chief  advantages  of  Berlin  wool  is,  that 
it  can  be  procured  in  all  jwssible  colors  corresponding  to  those  of  the 
spectrum,  and  each  in  all  its  shades,  from  the  darkest  to  the  lightest. 
Such  selections  may  be  found  in  trade,  and  are  easily  procured  when  and 
vliere  desired.  It  can  be  need  at  once,  and  without  any  preparation 
for  the  examination,  just  as  delivered  from  the  factory.  A  skein  of 
Berlin  wool  is  equally  colored,  not  only  on  one  or  two  sides,  but  on  all, 
and  is  easily  detected  in  the  package,  even  though  there  be  but  one 
thread  of  it.  Berlin  wool  is  not  too  strongly  glaring,  and  is,  moreover,  soft 
and  manageable,  and  can  be  handled,  packed,  and  transported  as  desired, 
without  damage,  and  is  conveniently  ready  for  nse  wherever  needed. 
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Tbese  adrantagcs  are  wanting  in  tbe  other  colored  objects  snggested 
for  use.  Colored  paper  or  silk  may  be  used  wben  light  or  dark,  dull  or 
bright  colors  are  wanted;  but  they  both  Lave  these  iaconventences,  tbey 
must  first  be  cut  into  suitable  pieces,  aud  they  are  tronblesome  to  handle; 
moreover,  they  are  easily  concealed  from  view,  and  it  is  necessary  to 
stretch  them  carefully  on  a  large  snrfaoe  to  enable  them  to  be  seen 
witboot  troable.  Tbey  are  often  glaring  ;  they  reflect,  besides  their 
particular  kinds  of  light,  a  quantity  of  white  light,  which  is  a  promi- 
nent defect,  as  it  misleads  the  color-blind,  who,  as  we  know,  jadgeof 
colors  by  the  intensity  of  light,  that  is,  the  quantity  of  light,  and  he 
consequently  estimates  differently  the  color  of  a  brilliant  surface,  ac- 
cording to  the  position  in  which  it  is  found  with  regard  to  the  eye,  etc 
The  paper  is  otlea  colored  ou  only  one  side,  and  this  gives  rise  to  macti 
trouble,  as  it  is  necessary  to  turn  the  pieces  from  one  stde  to  the  oth« 
to  see  them  in  their  true  colors.  Finally,  from  being  so  much  handled, 
the  pieces  of  paper  or  silk  soon  become  tumbled  and  faded. 

Colored  glass,  which  must  be  in  pieces,  is  not  suitable  either,  from 
the  fkct  that  it  is  difiicult  to  procure  it  in  snfSciently  great  variety.  It 
is  besides  troublesome  to  transport,  easily  broken,  and  finally  inconve- 
nicDt  for  nsing,  because  necessary  to  be  held  against  the  light  of  day,  oi 
a  luminous  source,  in  order  that  the  color  maybe  seen.  Tbe  advan- 
tage ot  being  able  to  use  them  by  any  kind  of  light  does  not  counterbal- 
ance their  iuconvenieDces. 

Although  these  are  not  nil  the  objections,  the  preceding  will  suffice 
to  prove  the  advantages  of  Berlin  wool.  All  this  applies  equally  well 
to  wafers,  powders,  colored  solutions,  spools  of  colored  thread,  pieces  of 
wood,  and  porcelain,  especially  painted  for  the  purpose,  etc.;  they  can 
all  be  and  have  been  employed,  but  noi>e  of  these  objects  are,  In  every 
resi)ect,  so  well  suited  to  onr  purpose  as  Berlin  wool. 

A  selection  of  Berlin  wool  is  then  made,  including  red,  orange,  yel- 
low, yellow-green,  pare  green,  blue-green,  blue,  violet,  purple,  pint, 
brown,  gray,  several  shades  of  each  color,  aud  at  least  five  gradations 
of  each  tint,  from  the  deepest  to  tbe  lightest.  Green  and  gray,  several 
kinds  each,  of  pink,  blue,  and  violet,  and  tbe  pate  gray  shades  of  browD) 
yellow,  red,  and  pink,  must  especially  be  well  represented.  The  choice  of 
the  material  does  not  belong  specially  to  our  method.  In  fact,  Seebeck 
suggested  the  use  of  Berlin  wool,  wliich  was  employed  by  bis  advice  B.oi 
still  is  at  present.  To  us  only  belongs  the  credit  of  originating  the  mao- 
ner  in  which  it  is  employed.  According  to  our  method,  the  esamioer 
selects  from  the  collection  of  Berlin  wool  in  a  pile  03  a  convenient  tiihle, 
and  lays  aside  a  slieio  of  the  especial  color  desired  for  this  examination; 
then  he  requires  the  one  examined  to  select  the  other  skeins  most  cloself 
resembling  the  color  of  the  sample,  and  to  place  them  by  its  side.  The 
chromatic  sense  of  tbe  individual  is  decided  by  tbe  manner  in  which  he 
performs  this  task.  The  rapidity  with  which  this  examination  is  made 
does  not  seem  to  directly  correspond  with  the  nature  of  the  chromatic 
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sense,  but  to  deiieod  finally  upoo  the  character  of  tbe  person  exatnioed. 
One  of  iDtelligeoce,  with  a  quick,  practical  mind,  is  examined  in  lesa 
than  a  mionte.  In  tbis  time,  in  fact,  a  normal  eye  could  easily  find  tbe 
four  or  live  skeins  of  tbe  same  color  as  the  sample,  and  tbe  color-blind 
make  a  sufficient  number  of  characteristio  mistakes  to  tborougbly 
(ctablisb  tbe  diagnosis.  It  is  clear  tbat  a  method  sacb  as  ours  affords 
the  opportnoity  in  connection  with  the  Investigation  of  tbe  chromatic 
sense  of  learning  much  of  all  the  peculiarities  relating  to  the  ose  of 
oar  senses.  Tbis  is  wby  we  maintain  tbe  principle  that  it  is  nec- 
essary to  leave  to  the  activity  of  tbe  bands  tbe  task  of  revealing  tbe 
nature  of  tbe  sensations,  and  to  have  reconrse  to  the  tongue  only  for 
verification  when  there  is  need  of  more  information.  Tbe  combina- 
tion of  tbe  action  of  the  eyo  and  hands,  which  plays  in  general  so 
important  a  part  in  the  training  and  use  of  the  senses,  is  also  of 
gnat  consequence  in  this  examination.  An  attentive  examiner,  espe- 
cially if  he  bave  already  acquired  some  experience,  can  draw  im- 
poitant;  conolusions  from  the  manner  hi  which  tbe  other  esccotes 
hia  task,  not  only  and  directly  with  regard  to  the  nature  of  bis  cbro- 
mMio  sense,  but  generally  as  to  his  intelligence  and  character,  and 
especially  in  some  cases  as  to  bis  previous  training  and  exercise  in  tbe 
DM  of  colors,  and  his  skill  in  recognizing  them.  Tbe  examination 
affords  us  also  the  opportunity  of  making  psychological  observations, 
which  contribute  in  a  great  meaaore  in  giving  us  a  clear  idea  of  the 
nature  of  tbe  chromatic  sense.  A  practiced  examiner  can  often  detect 
color-blindneBS  by  the  first  gesture,  and  make  bis  diagnosis  before  the 
end  of  the  trial.  He  can,  according  to  tbe  manner  in  which  the  task  is 
parbrmed,  form  a  judgment  of  afeeble  chromatic  sense  in  instances  which 
are  proved  correct  by  tbe  final  result.  He  also  can  and  must  see  wbetber 
the  result  is  erroneous  simply  on  accoont  of  a  misunderstanding  or  a 
WBDt  of  intelligence,  just  as  be  can  see  wbetber  tbe  really  color-blind 
Buceeds,  in  a  certain  degree,  from  much  previous  exercise  or  a  consid- 
erable amount  of  caution.  In  short,  the  method  supplies  ns  with  all 
Decr«sary  information,  so  tbat  by  an  examiuation  made  with  its  assist- 
race,  a  defective  chromatic  sense,  no  matter  of  what  kind  or  in  what 
degree,  cannot  escape  observation.  As  we  bave  already  said,  tbe  prin- 
ciple of  our  metbod  is  tbat  the  test  is  confined  to  one  color. 

The  faculty  possessed  by  tbe  eye  of  distinguishing  colors  and  tbat  of 
defining  tbe  degrees  of  light  and  color  (of  "siituratioo")  are  relatively 
rery  different;  but  these  special  faculties  bave  this  in  common,  that  tbey 
have  tbeir  maximum  activity  in  a  certain  intermediary  region  of  abso- 
lute intensity  of  light  and  their  minimum  nt  tbe  two  limits  of  tbis  region. 
Jast  as  we  ex[>crieuce  tlie  most  difficulty  in  distiugnisbing  between  the 
shades  of  intensity  of  light  by  a  very  feeble  or  very  strong  illumination, 
GO  it  is  difiicult  lor  us  to  distinguish  colors  slightly  or  strongly  luminous^ 
or  tbe  deepest  and  tbe  lightest.  It  is,  therefore,  necessary  to  select  as 
a  suitable  color  for  discovering  a  feeble  chromatic  sense  cither  the  light- 
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est  or  darkeat  shades.  The  well-deflDed  kinds  and  degrees  of  a  defect- 
ive cbromatio  sense  coofontid  only  colors  of  mean  intensity.  I  have 
selected,  to  determioe  whether  the  cfaromatio  sense  is  or  is  not  defective, 
a  light  green  (dark  green  may  be  also  ased),  because  green,  accordiag 
to  the  theory,  is  the  whitest  of  the  colors  of  the  spectium,  and  oooae- 
quentlyis  most  easily  con  fnsed  with  gray.  For  the  diagnosis  of  the 
especial  kinds  of  partial  color-blindnesB,  I  have  selected  pnrple  (pink), 
that  is,  the  whole  group  of  colors  in  which  red  (orange)  and  violet  (bloe) 
are  combined  in  nearly  eqaal  proportions,  at  least  in  sach  proportioDS 
that  no  one  sufficiently  preponderates  over  the  others,  to  the  normal 
sense,  so  as  to  give  its  name  to  the  combination.  This  is  the  reason  for 
thischoice.  Pnrpleoccupiesasingnlarpositionamongstcolors;  althongli 
it  is  a  combination,  it  is,  we  know,  a  color,  as  well  "  saturated  "  as  the 
colors  of  the  spectrum,  and  might  be,  from  this  point  of  view,  clasied 
with  thetn,  altbongb  it  is  not  found  in  the  specimm.  In  fact,  it  has  beeo 
regarded  as  the  eighth  color  of  the  spectrum,  closing  the  circle  of  stta- 
rated  colors.  Pnrple  is  of  especial  importance  in  the  ezaminatioD  of  the 
color-blind,  for  the  reason  that  it  forms  a  combination  of  two  fundameital 
colors — the  two  extreme  colors — whioh  are  never  confounded  with  odi 
other.  In  fact,  from  a  color-bliud  point  of  view,  one  of  two  tilings  nnst 
happen,  according  to  the  theory:  either  it  excites  but  one  kind  of  pe^ 
ceptive  organ  or  it  excites  them  all.  It  appears  then  either  like  a  lim- 
pie  color,  that  is  to  say,  like  one  of  the  two  colors  of  the  combinatiOD, 
or  like  white  (gray).  Experiment  has  confirmed  this  hypothesis.  Our 
sample  colors,  therefore,  are  the  two  complementary  colors  of  each  otker, 
green  and  purple.  In  the  examination  of  the  chromatic  sense  of  a  large 
number  of  individuals,  it  is,  of  course,  of  importance  to  decide,  first, 
whether  the  chromatic  soDse  of  the  individual  is  or  is  not  normal.  £  is 
only  after  establishing  the  existence  of  a  defect  that  its  nature  or  de^^e 
must  be  determined.  The  sample  colors  are,  therefore,  employed  witii 
more  advantage  in  a  certain  order,  as  the  test  must  be  accomplished  at 
a  whole,  according  to  a  plan  that  experience  has  proved  the  surest,  most 
rapid,  and,  finally,  most  suitable  for  the  purpose. 

3. — THE  EXAMI»l.TIO[f  AND  DIAGNOSIS. 

The  Berlin  wool  is  placed  iu  a  pile  on  a  large  plane  surface  and  in 
broad  daylight;  a  skein  of  the  test  color  is  taken  from  the  pile  and 
laid  aside  far  enough  from  the  others  not  to  be  confounded  with  them 
during  the  trial ;  and  the  person  examined  requested  to  select  the  other 
skeins  most  resembling  this  in  color,  and  place  them  by  the  side  of  tlie 
sample.  In  the  first  place,  it  is  necessary  that  he  should  thoroagbly 
understand  what  is  required  of  him ;  that  is,  that  be  should  search  the 
pile  for  the  skeins  making  an  impression  on  his  chromatic  sense,  in- 
dependent of  any  name  he  may  give  the  color,  similar  to  that  made 
by  the  sample.  The  examiner  should  explain  that  resemblance  in 
every  respect  is  not  necessary;  that  there  are  no  two  8|>ecimens  exactly 


Google 


ACCIDENTS  BY  KAIL  AND  SEA.  185 

alike;  that  the  only  qaestioD  is  tlie  reaemblauce  of  the  color;  aod  that 
conseqaeotly  be  most  endeavor  to  find  sometbtug  similar,  of  the  same 
shade,  Bometbing  lightet  and  darlier  of  tbo  same  color,  etc.  If  the 
peisoQ  examined  cannot  succeed  in  onderstandiDg  this  by  a  verbal 
explanation,  we  most  resort  to  action.  We  must  ourselves  make  the 
tTial  by  searching  with  onr  own  faaods  for  tbe  skeins,  tbtreby  showing 
in  a  pnustical  manner  what  is  meant  by  a  shade,  and  tben  restoring  the 
whole  to  the  pile  except  the  sample  skein.  As  it  would  require  mach 
time  to  examine  each  individual  in  this  way,  it  is  advisable,  when  ex- 
amining a  large  nnmber  at  the  same  time,  to  iostrnct  all  at  once,  and 
moreover  to  ask  them  to  attentively  observe  the  examination  of  those 
preceding  tbem,  so  as  to  become  more  familiar  themselves  with  tbe 
process.  By  thia,  time  is  saved,  without  loss  of  secority;  for  no  one 
with  a  defective  chromatic  sense  finds  the  correct  skeins  in  (he  pile 
the  more  easily  from  the  fact  of  having  a  moment  before  seen  others 
looking  for  and  arranging  tbem.  He  makes  the  pame  cbaracterlBtic 
mistakes;  bat  the  normal  observer,  on  the  other  hand,  generally  ac- 
complishes his  task  much  better  and  more  quickly  after  having  seen 
bow  it  must  be  done,  and  this  is  the  advantage  of  our  method. 

Tbe  colors  mentioned  iu  this  chapter  are  divided  into  two  classes : 

Ist.  The  eolora  for  tamplea  {test  colors),  that  is,  those  presented  to  the 
persons  examined;  and 

2d.  The  "  colors  of  confusion,"  that  is  to  say,  those  which  tbe  color-blind 
selects  from  the  heap,  because  be  confuses  tbem  with  that  of  the 
sample. 

Test  i. — The  green  sample  is  pres  ented.  This  sample  should  be  the 
palest  shade  (tbe  lightest)  of  very  pnre  green,  whicb  is  neitber  a  yellow- 
green  nor  a  blue-green  to  the  normal  eye,  but  fairly  intermediate  be- 
tween the  two,  or  at  least  not  verging  npon  yellowish  green. 

Bule. — ^Tbe  examination  mnst  continue  until  the  one  examined  has 
placed  near  the  sample  all  tbe  other  skeins  of  the  same  shade,  or  else, 
with  these  or  separately,  one  or  several  skeins  of  tbe  class  correspond- 
ing to  tbe  "  colors  of  oonfnsion,"  until  he  has  snfficlently  proved  by  his 
manner  of  doing  it  that  be  can  easily  and  unerringly  distinguish  tbe  con- 
fused colors  or  until  he  has  giveu  proof  of  unmistakable  difflcolty  iu 
accomplishing  this  task. 

Diagnosis. — He  wbo  places  beside  tbe  sample  one  of  the  "  colors  of 
coufnaion,"  that  is  to  say,  duds  that  it  resembles  tbe  "  test  color,"  is 
colorblind.  He  who,  withoutbeingquiteguilty  of  this  confusion,  evinces 
a  manifest  disposition  to  do  so,  bas  »  feeble  chromatic  sense. 

Remark. — We  mnst  remember  that  we  cannot  allow  more  than  Qve 
colors  for  "  confasion,"  Bnt  we  have  here  in  view,  not  every  kind  of  defec- 
tive color-sense,  bnt  only  those  important  iu  tbe  business  of  railways. 
Tbe  number  of  colors  allowed  is  therefore  sufficient,  as  these  are  tbe 
most  important  and  most  common. 

Test  II. — A  purple  skeiu  is  presented.  Tbe  color  chosen  must  be 
between  tbe  deepest  and  lightest  shades  of  the  scale.  (    onolr 


186  COLOB-BUNDNEBS  IN   ITS  BELATIOK  TO 

Eule.~-The  trial  most  be  coDtinued  notil  the  one  esatnined  has  placed 
Dear  tbe  sample  all  or  the  greater  part  of  the  ekeins  of  the  same  shade, 
or  else  aimultaueoiisly  or  separately  one  or  several  skeins  of  "coofasion." 
He  who  selects  either  tbe  light  or  deep  shades  of  bine  and  violet  (es- 
pecially the  deep)  or  the  light  or  deep  shades  of  oiie  kind  of  green  or 
gray  inclining  to  bine  has  committed  an  error. 

DiagnosU.-^l.  He  who  is  color-blind  by  the  first  test,  and  who,  upon 
the  second  test,  selects  only  porjile  skeins,  is  incompletely  color-blind. 

2.  He  who,  in  the  second  test,  selects  with  purple  only  bine  and  violet, 
or  one  of  them,  is  completely  red-blind. 

3.  He  who,  in  tbe  second  test,  selects  with  purple  only  green  and  gray, 
or  one  of  them,  is  completely  green-blind. 

Remark. — The  red-blind  never  ratifies  the  test  of  the  green-blind,  and 
vice  versa.  However,  it  happens  in  certain  cases  that  the  green-blind 
selects  a  violet  or  blue  skein,  but  always  the  lightest  shades.  This 
should  not  affect  tbe  diagnosis.  The  examination  may  end  with  this 
test,  and  the  diagnosis  be  considered  as  perfectly  settled.  It  is  not  even 
necessary,  practically,  to  decide  whether  the  oolor-hllndness  is  red  or 
green.  But  to  bo  more  entirely  convinced  of  tbe  relation  of  complete 
color-blindness  with  tbe  signal  colors,  and  especially  to  convince,  if  neces- 
sary, the  railway  employes  and  others  who  are  not  specialists,  the  exami- 
nation may  be  completed  by  one  more  trial.  The  one  we  are  going  to 
mention  is  not  necessary  to  tbe  diagnosis,  and  only  serves  to  corrobo- 
rate tbe  investigation. 

Test  III. — The  red  skein  is  presented  to  the  subject.  It  is  necessary 
to  have  a  vivid  red  color  like  the  red  flag  osed  as  signals  on  railw^s. 

Bute. — ^Tbis  test,  which  is  applied  only  to  those  completely  color-blind, 
should  be  continued  nntil  the  person  examined  has  placed  beside  the 
specimen  all  the  skeins  belongiug  to  this  shade  or  the  greater  part  or  else 
separately  one  or  several  "colors  of  confusion."  The  red-blind  then 
chooses,  besides  the  red,  green  and  brown  shades  which,  to  tbe  normal 
sense,  seem  darker  than  red.  On  tbe  other  band ,  tbe  green-blind  selects 
opposite  shades  which  appear  lighter  than  red. 

Remark. — Every  case  of  complete  color-blindness  discovered  does  not 
always  make  the  precise  mistakes  webave  jast  mentioned  in  the  preced- 
ing esamiuations.  These  exceptions  are  either  instances  of  i>er8ons 
with  a  comparatively  inferior  degree  of  complete  color-blindness,  or  (rf 
color-blind  persons  who  have  been  exercised  in  the  colors  of  signals,  and 
who  endeavor  not  to  be  discovered  ;  they  therefore  usually  confound  at 
least  green  and  brown,  but  even  this  does  not  always  happen. 

Additiokal  note.— We  have  not  given  rules  for  discovering  total 
color-blindness,  because  we  have  not  found  any  cases  of  this  kind.  If 
any  such  should  be  found,  they  will  be  recognized,  according  to  the 
theory,  by  a  confusion  of  every  shade  having  tbe  same  intensity  of 
light.  VwletblindnesB  will  be  recognized  by  a  genuine  confusion  of 
purple,  red,  and  orjuge  in  the  second  test.    The  diagnosis  shoald  be 
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made  witb  discrimiDation.  Tbe  first  test  ofteo  shows  blae  to  be  a  "  color 
of  coDfosion."  This  may,  in  certain  cases,  be  tbe  sign  of  violet-blind- 
ness, but  not  always.  We  bave  not  tbongbt  it  advisable  to  admit  defects 
of  tbis  kind;  only  tbe  most  marked  cases,  tbat  other  examinations 
establish  as  violet  color-blindness,  shonld  be  reckoned  in  the  statistics. 
Finally,  to  ncquire  a  desirable  nniformity,  it  is  necessary  to  add  that  in 
tbe  prepiratory  examination,  it  is  my  habit  to  indicate  in  thu  journal, 
especially  kept  for  that  purpose,  cases  of  complete  coUir-blindnesg  by  2 
(2  B.,  2  G.,  3  T.),  those  of  incomplete  blindness  by  1,  and  those  of  feeble 
chromatic  sense  by  0.5  (0.5  R.,  0.5  G.,  0.5  V.). 

4. — PKACTICAL  KTILES  AND  SPECIAL  DIEEOTIONS   FOE    THE  OOSDUOT 
OF  THE  TRIAL. 


The  method,  as  we  have  said,  plays  an  important  part  iu  an  c 
tioD  of  this  kind,  not  only  from  the  principles  upon  which  it  rests,  bat  also 
from  the  manner  in  which  it  is  used.  The  best  plan  for  directing  how 
to  proceed  is  by  oral  inetractions  and  de  visa;  but  here  we  are  obliged 
to  accomplish  this  by  description.  Now,  this  is  always  defective  in  some 
respects,  especially  if  we  wish  to  be  brief.  What  has  been  said  would 
evidently  anffico  for  an  intelligent  and  experienced  physician,  bnt  it 
may  not  be  superfluous  to  enter  still  further  into  detail  to  provide  against 
any  possible  difficulties  and  loss  of  time.  Theobjoct  of  the  examinatioo 
is  to  discover  the  natnre  of  a  person's  chromatic  sense.  Kow,  as  the 
fate  of  the  one  to  be  examined  and  tbat  of  others  depend  upon  tbe 
correctness  of  tbe  judgment  pronounced  by  the  examiner,  and  tbat  this 
judgment  shonld  be  based  npoa  tbe  manner  in  which  the  one  examined 
stands  tbe  trial,  it  is  of  importance  tbat  this  trial  should  be  truly  what  it 
ought  to  be,  a  trial  of  the  nature  of  the  chromatic  sense  and  nothing 
else,  an  end  that  will  be  gained  if  our  directions  are  strictly  followed.  It 
ia  not  only  necessary  that  the  examiner  carefully  observe  tbem— which 
does  not  seem  to  ns  difficult — but  that  he  also  take  care  that  the  indi- 
vjdaal  examined  does  thoroughly  what  is  required  of  him.  This  is  not 
always  as  easy  as  one  might  suppose.  If  it  were  only  reqaired  to  ex- 
amine intelligent  people,  familiar  with  practical  occnpations  and  espe- 
cially with  colors,  and  with  no  other  interest  connected  with  the  issue  of 
tbe  examination  than  to  know  whether  they  are  color-blind  or  not,  the  ex- 
amination would  be  uniform  and  mechanical.  But  it  is  required  to  ex- 
amine people  of  various  degrees  of  culture,  all  of  whom,  besides,  have  a 
personal  interest  in  the  issue  of  the  examination.  SifTerent  people  act 
very  differently  during  the  examination  for  many  reasons.  Some  submit 
toitwitbont  tbe  least  suspicion  of  their  defect;  others  are  convinced  that 
tbey  possess  a  normal  sense.  A  few  only  bave  a  consciousness  or  at  least 
some  suspicion  of  their  defect.  These  last  can  often  be  recognized  before 
the  least  examination  by  keeping  behind  tbe  others,  by  attentively  follow- 
iog  the  progress  of  the  trial,  but  if  allowed  willingly  remaining  to  the 
last.    Some  are  quick ;  others  slow.    The  former  approach  unconcernedly 
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nod  boldly;  the  latter  with  over  anxiety  aud  a  certain  dread.  The  lowest 
class  are  tboae  who  have  the  opposite  desire,  that  is,  to  pass  for  color- 
blind, althoQgh  in  possession  of  normal  sight.  We  will  speak  of  these 
later,  to  enable  as  now  to  devote  onrselvos  to  those  who  undergo  the  trial 
in  good  faith,  or,  at  least,  with  the  desire  to  appear  normal,  even  ol- 
thongb  color-blind. 

In  the  trial  it  is  especially  desirable  to  confine  the  range  of  selection 
to  the  lighter  shades  of  the  test  color  (say  green),  for  the  trial  would 
canse  great  loss  of  time  aud  be  less  reliable  if  it  included  every  shade 
of  green.  In  fact,  no  little  judgment  has  been  exercised  in  the  selection 
of  the  very  lightest  shade  of  the  green  proposed  as  a  sample  color.  For 
it  is  exactly  what  the  color-blind  most  readily  confoands  with  the  paler 
shades  of  gray,  drab,  straw,  and  salmon-color.  If  the  aabject  were 
allowed  to  depart  from  tbo  narrow  limits  established  by  tbe  trial,  it  would 
iucladeeverysbadeof  green,  the  result  of  which  woald  be  that  be  woald 
prefer  to  select  all  the  vivid  shades,  and  thus  avoid  the  dangerous  ground 
where  his  defect  woold  certainly  be  discovered;  This  is  why  it  is  neces- 
sary to  oblige  him  to  keep  within  certain  limits,  confining  hitn  to  pure 
green  specimens,  and,  for  greater  secarity,  to  recommend  him  to  select 
especially  tbe  lightest  shades.  What  we  have  just  said  of  green  applies 
also  of  course  to  purple. 

The  principle  of  our  method  is  to  force  the  one  examined  to  reveal, 
himself,  by  an  act  of  bis  own,  the  nature  of  his  chromatic  sense.  Kow, 
as  this  act  must  be  kept  within  certain  limits,  it  is  evident  that  the  ex- 
nmioer  must  direct  him  to  a  certain  degree.  This  may  present,  in  certaia 
cases,  somo  difficulty,  as  he  will  not  always  be  guided,  and  does 
either  too  much  or  too  little.  In  both  cases,  the  examiner  should  use 
bis  influence  in  order  lo  save  timo  and  gain  certainty,  and  this  is  usaally 
very  easily  done.  This  iuterveutiou  is,  of  conrse,  intended  to  put  the 
examiner  in  the  true  path,  and  is  accomplished  in  many  ways  according 
to  the  case  in  point. 

We  will  hero  mention  somo  of  the  expedleota  we  have  found  useful ; 

A.  Interference  during  an  extended  selection. — It  is  not  always  easy  to 
confine  tbe  one  examined  within  the  limitsof  tbe  method.  He  easily  slips 
in  the  first  test,  for  example,  a  yellow-green  or  blue-green  skein  among  the 
others,  and  as  soon  as  there  is  ojie,  others  follow  usually,  and  it  thus 
happens  that,  in  a  few  moments,  be  has  a  whole  handful  of  yellow-green, 
a  second  of  blue-green,  a  third  of  both  these  shades  at  tbo  same  time. 
Our  process  has  assisteil  us  in  more  than  one  case  of  this  kind. 

(a)  When  the  person  examined  has  begun  to  select  shiidesof  one  or  sev- 
eral other  colors  than  those  of  the  sample,  bis  ardor  is  arrested  by  taking 
from  him  the  handful  of  skeins  be  has  collected,  and  asking  btm  whether 
his  eye  does  not  tell  him  there  are  one  or  several  which  do  not  mateh 
the  others,  in  which  case  he  is  solicited  to  restore  them  to  the  pile.  He 
then  generally  remarks  that  there  is  some  obscuration,  and  proceeds  in 
one  of  the  following  manners : 
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1.  He  rejects  one  after  the  otber,  the  foreign  shades,  SO  that  the  correct 
remain,  vbich  la  often  only  the  sample  skein.  lie  ie  shown  what  mistake 
be  has  made.  Names  are  nsed  to  remind  him  that  one  class  of  green 
may  be  yellow-green  and  another  btue-green;  and  to  indnce  him  to 
avoid  them,  he  is  advised  only  to  select  skeins  of  the  same  shade  as  the 
specimen,  althongh  tbey  be  lighter  or  darker,  and  have  neither  more 
yellow  nor  bine  than  that.  If  his  first  error  arose  only  from  a  miscon- 
ception or  want  of  practice  in  handling  colors,  be  begins  generally  to 
nnderstand  what  be  has  to  do,  and  to  do  properly  what  is  required  of  him. 

2.  Or  else  be  selects  and  rejects  immediately  the  skein  of  the  sample 
itself.  This  proves  that  be  sees  the  difference  of  color.  He  is  then 
shown  the  skein  ns  the  only  correct  one,  and  asked  to  repeat  the  trial  in 
a  more  correct  manner.  He  is  again  pat  on  the  right  track  as  jast  before, 
and  the  trial  proceeds  rightly,  unless  the  error  arise  from  a  defect  in 
tbe  chromatic  sense.  Many  seem,  however,  to  experience  a  natural  diffi- 
CDlty  in  distingaishing  between  yellow-green  and  blae-green,  or  tbe  dull 
shades  of  green  and  blue.  This  difficulty  is,  however,  more  apparent 
than  real,  and  is  corrected  usually  by  direct  comparison.  If  the  method 
reqairing  the  name  of  the  color  to  be  given  is  used,  a  namt>er  of 
mistakes  may  be  the  result.  If  a  skein  of  light  green  and  light  blue 
aloae  are  presented  to  him,  asking  bim  to  name  them,  be  will  often  call 
blue,  green,  and  green,  blue.  But  if  in  the  first  case  a  blue  skein  is 
immediately  shown  bim,  be  corrects  his  mistake  by  saying  this  is  blue 
and  that  green.  In  tbe  last  case,  it  bappens  so  mutatis  mutandis.  This 
is  not  tbe  place  for  an  explanation.  It  must  suffice  to  say  that  tbe  error 
is  corrected  by  a  direct  comparison  between  tbe  two  colors. 

There  is,  according  to  tbe  theory,  one  class  of  tbe  color-blind — violet- 
blind — who,  in  consequence  of  tbe  nature  of  their  chromatic  sense,  and. 
therefore,  notwithstanding  tbe  comparison,  cannot  distinguish  bine  and 
green.  But  our  method  has  nothing  to  do  with  this  class  of  the  color- 
blind, because  snch  are  not  dangerous  on  railways. 

{b)  Another  proee»8.~-U  the  one  examined  place  by  the  side  of  the  sam- 
ple a  shade,  for  instance,  of  yellow-green,  the  examiner  places  near  this 
another  shade,  in  which  there  is  more  yellow,  or  even  a  pare  yellow,  re- 
marking at  the  same  time  that  if  tbe  first  suit,  tbe  last  mnst  also.  The 
other  nsnally  dissents  from  this.  He  is  then  shown,  b;  selecting  and 
classing  tbe  intermediate  shades,  that  there  is  a  gradation  which  will 
diverge  widely  if  logically  carried  out  as  be  has  began.  The  same 
course  is  followed  with  colors  of  the  blue  shades,  if  tbe  blue-green  were 
first  selected.  He  sees  the  snccessive  gradations,  and  goes  through 
with  this  test  perfectly  if  his  chromatic  sense  is  correct. 

To  ascertain  farther  whether  be  notices  these  additions,  or  tbe  tints  of 
yellow  and  bine  in  the  green,  we  can  take  ourselves  tbe  yellow -green  and 
blae-greeo  to  ask  him  if  be  finds  this  to  be  so.  We  can  judge  by  his 
answer  of  his  sense  with  regard  to  these  shades,  and  the  object  of  this 
investigation  is  accomplished. 
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It  results  from  oil  this  that  maor  who  are  floallj  considered  to  have 
a  Dormnl  chromatic  sense  may  occasionally  cause  embairaasmentfl.  In 
the  main,  the  normal  observer  of  this  kind  canses  greater  loss  of  time 
than  the  color-blind.  It  is  astonishing  to  see  with  what  rapidity  the 
color-blind  betray  their  defect.  At  least,  it  is  foand,  in  the  majority  of 
the  cases  examined  by  ua,  that  the  first  skein  of  wool  selected  from  the 
pile  by  the  color-bliad  in  the  first  test  was  one  of  the  "colors  of  con- 
fasion." 

B.  Intervention  during  a  restricted  choice. — Those  wbo  evince  too  great 
slowoess  also  reqaire  the  interrerenceB  of  the  examiner  in  another  man- 
ner. We  can  lay  aside  here  those  cases  in  which  at  the  sight  of  the 
complex  colors  of  tbe  heap  of  wool,  the  examined  finds  it  diflScnIt  to 
select  a  skein  resembling  the  sample  in  a  collection  where  all  the  partica- 
lar  colors  seem  to  differ  from  each  other,  and  in  consequence  dectaresim- 
mediately  that  be  can  find  none  resembling  the  specimen.  It  is  replied 
that  an  absolute  resemblance  is  not  demanded,  and  tJiat  no  one  asba 
impossibilities,  that  time  is  limited,  many  are  waiting,  etc  But  tJtere 
are  people  who  from  natural  slowness,  from  being  unaccustomed  to  such 
business,  A^m  fear  of  making  mistakes,  and  especially  if  previously  ex- 
amined and  suspected  of  color-blindness,  or  from  many  other  motives, 
proceed  with  the  greatest  caution ;  they  do  not  even  wish  to  touch  the 
wool,  or  they  search,  select,  and  replace  with  tbe  greatest  care  all  the 
possible  skeins  without  finding  one  corresponding  with  the  sample,  or 
that  they  wish  to  place  beside  it.  Here  then  are  two  coses:  on  one  hand, 
too  much  action  with  the  fingers,  without  reault;  on  the  other,  too  little 
effort    The  examiner  is  forced  to  interfere  in  botli  cases. 

(a)  At  tbe  time  of  a  too  great  manaal  action  without  corresponding 
practical  result,  tbe  examiner  must  be  oarefal  that  tbe  eyo  and  hand  net 
simaltaueously  for  tbe  accomplishment  of  the  desired  end. 

Borne  people  forget  that  tbe  hands  should  be  subservient  to  tbe  eye 
in  this  trial,  and  not  act  independently.  Thus  they  are  often  seen  to  fix 
their  eyes  on  one  side  while  their  hands  are  engaged  on  the  other. 
This  should  be  corrected  so  as  to  save  time  and  avoid  further  labor. 
When,  from  the  manual  activity  of  the  one  examined,  or  by  the  unob- 
served aid  of  the  examiner,  all  tbe  correct  skeins  or  only  a  portion  ore 
found  in  the  pile,  it  is  wise  to  stop  and  invite  the  former  to  cross  his 
bands  behind  his  back,  to  step  back  a  pace,  and  quietly  consider  all  tbe 
skeins,  and,  as  soon  as  his  eye  has  met  one  of  those  for  which  be  is  look- 
ing, to  extend  his  hand  and  take  it.  Tbe  beat  plan  is  to  advise  him  to 
look  first  at  the  sample  and  then  at  the  pile,  and  to  repeat  this  maneuver 
until  his  eyes  find  what  he  is  looking  for. 

This  stratagem  generallysucceeds  when  nervonsness  from  over-anxiety 
causes  his  hands  to  tremble.  But  it  is  not  always  easy  to  induce  him 
to  keep  bis  bands  behind  his  back  until  the  moment  for  taking  tbe  akein 
in  question. 

{b)  In  cases  of  great  caution,  tbe  trial  Is  hastened,  if  the  examhier 
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come  to  the  aaaistanoe  of  the  other  by  holding  above  the  pile  one  skein 
after  the  other,  and  reqaesting  him  to  Bay  whether  it  resemblee  the  color 
of  the  sample  or  not.  It  will  be  advisable  first  to  select  the  skeins  that 
a  oolor-bliad  person  would  approve.  If  he  is  so,  he  will  approve  of  the 
selectioa,  and  the  question  is  settled.  If  not,  he  rejects  them,  not  with- 
oat  a  characteristic  smile,  oi  with  an  expression  of  wonnded  dignity. 
This  also  enlightens  ns  as  to  bis  chromatic  sense.  But  even  the  color- 
blind may  in  sach  a  case  refuse  what  is  presented,  especially  if  his  caa- 
tioa  is  premeditated,  and  be  sospects  that  a  snare  is  intended.  It  is 
foDod  qnite  freqaently  that  he  rejects  the  correct  shades  likewise  pre- 
sented with  the  others.  This  is  not  the  case  when  one,  having  a  normal 
chromatic  sense,  is  slow  and  deliberative  when  subjected  to  the  test 
noder  this  form.     He  has  an  eye  alive  to  the  correct  colors. 

One  process,  in  cases  Qf  this  last  kind,  is  to  select  false  samples  which 
are  placed  qnite  near  the  correct  one,  by  the  side,  above  or  below,  to 
attract  the  attention  of  the  examined  from  the  right  side.  It  is  necessary 
so  to  proceed  that  the  true  sample  be  displaced  when  the  others  are 
drawn  ont,  so  that  the  person  examined  may  see  it  move.  It  does  not, 
however,  always  happen  to  catch  his  eye.  The  best  means  is  then  to 
make  bim  examine  the  whole,  with  his  hands  behind  his  back,  and  invite 
faim  to  freely  make  his  choice.  But,  whatever  the  process,  it  is  neces- 
sary, in  every  case  where  one  has  been  assisted  in  selecting  a  certain 
nomber  of  skeins  which  he  bas  foand  analogous  to  the  sample  color,  to 
make  a  rule  not  to  conclude  the  trial  without  examining  into  the  effect 
of  the  aid  accorded.  It  is  necessary  to  hold  in  the  hand  the  approved 
package,  and  ask  if  be  is  satisfied  or  if  he  would  desire  any  change.  If 
he  approve  the  choice,  the  diagnosis  is  established.  The  same  course 
moat  be  pnrsoed  with  the  defective  chromatic  sense,  that  the  trial  may 
be  made  with  or  without  assistance.  To  be  thorongh,  the  name  given 
by  the  color-blind  to  the  colors  in  q  nestion  may  be  likewise  asked. 

In  oases  where  any  one  suspected  of  color-blindness  bas  remained 
some  time  to  see  the  trial  of  others,  and  where,  as  often  happens,  he 
baa  remarked  the  samples  bolonging  to  a  required  green  shade,  he  may 
of  oonrse  profit  by  it  in  his  own  trial.  But  this  can  be  prevented  by 
fbr^vely  concealing  one  or  two  of  these  samples.  If  he  seem  to  be  dis- 
posed to  confound  green  and  gray,  it  will  be  very  easy  to  entrap  him. 
If  we  do  not  succeed,  even  when  assisting  him,  in  entrapping  him  in 
tbia  snare,  the  hidden  samples  may  be  put  back  into  their  places,  to  be 
convinced  that  the  trial  is  correct. 

From  tiie  above,  it  is  seen  that  many  artifices  may  be  necessary  in 
oar  examination.  It  may  be  regarded  as  an  advantage  of  our  method 
that  it  has  at  command  a  great  variety  of  resources.  We  have  by  no 
means  mentioned  all;  and  yet  many  who  have  only  read  this  descrip- 
tion will  probably  reproach  ns  with  having  devoted  ourselves  too  much 
to  details  which  seem  to  them  puerile.  Bat  we  believe  that  those  who 
have  examined  the  chromatic  sense  of  a  great  number  of  persons,  and 
acquired  thereby  considerable  experience,  will  think  differently,     i  . 
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6.— APPEBOUTIOM  OP  THE  CAPACITY  OP  EXAMINEES. 

The  method  of  Bcrntiay  heie  described  is  able  to  detect,  as  we  have 
seen,  not  only  complete  or  iocomplete  color-blindueas,  bat  a  feeble  chro- 
matic sense.  Moreover,  it  has  been  proved  that  there  is  a  perfect  grada- 
tion from  complete  color-blindoess  on  tbe  one  side  to  the  normal  chro- 
matic perception  on  the  other.  The  qaestion  then  uatnrally  arises,  from 
our  practical  point  of  view,  whether  it  is  possible  to  draw  a  dividiog 
lioe  between  the  kinds  and  degrees  of  defective  color- vision  which  wonM 
exc<;pt  those  who  coald  oot  caase  any  incoBvenicDce  to  the  railway  ser- 
vice, and,  in  case  of  an  affirmative  answer,  where  sach  limit  is  to  be 
found. 

It  must  first  be  remembered  that  in  the  existing  state  of  things,  these 
questions  neither  can  nor  ought  to  l>e  settled  in  the  same  manner  io 
every  case,  since  tbo  examination  is  intended  for  individuals  of  two  dif- 
ferent classes :  Ist,  the  aspirants  for  railway  employmeot  j  and,  2d,  the 
employes,  or  those  already  Ju  snrvice. 

A.  Aspirants. — We  must  bear  iu  miud  that  io  Sweden,  according  to 
the  regulation  in  force  there  for  the  management  of  state  railways  (fol- 
lowed also,  as  far  as  we  know,  on  the  private  lines),  it  is  reqaired  that, 
iu  order  to  be  admitted,  each  applicant  "prove  by  a  certificate  from  a 
physician  that  he  is  exempt  from  any  kind  of  infirmity,  disease,  or  defect 
of  conformation  that  could  be  prejudicial  to  the  exercise  of  his  fQDCtioDs," 
and  also,  that  among  these  defects  of  couformation,  io  connection  with 
signals,  are  reckoned  the  defects  of  the  chromatic  sense,  to  which  tbo 
managers  have  especially  diFect«d  the  att«atioD  of  tbe  physicians  at- 
tached to  the  lines. 

According  to  the  principles  we  have  stated,  the  greatest  severity 
should  be  observed  in  this  case,  or,  in  other  terms,  the  least  defect  in  tbe 
sense  of  colors  should  be  a  sufficient  ground  for  rejection. 

B.  Persona  already  in  service. — We  must  here  ask  ourselves  if  there 
is  no  necessity  to  modify  the  limit  we  havejust  traced,  in  order  to  carry 
ont  the  principle  wo  stated  before,  namely,  that  it  is  necessary  to  adopt 
less  severe  rules  to  eliminate  from  the  service  those  who  are  already 
employed.  We  here  encounter  great  difficulties,  and  it  will  beseentbat 
it  is  not  possible  to  settle  the  question  summarily,  that  is,  that  a  well- 
defiued' limit  cannot  bo  traced.  Id  such  cases,  the  physician  ahoald 
always,  when  he  discovers  a  defect  in  the  chromatic  sense,  give  a  certi- 
ficate which  should  indicate  its  nature  These  indications  include,  as  we 
have  already  said,  the  diagnoses :  complete  red-blindnett,  complete  green- 
blindness,  incomplete  color-blindness,  or  a  feeble  chromatic  sense. 

We  are  convinced  that  every  case  of  complete  color-bliadness  of  both 
kinds,  as  well  as  every  case  of  incomplete  of  the  higher  degrees,  should 
be  immediately  dismissed.  But  as  regards  those  who  may  be  retained, 
it  is  clear  that  the  first  qaestion  concerns  those  who,  at  tbe  time  of  tiie 
trial,  were  regarded  in  the  diagnosis  only  as  having  n  feeble  chromatiB 
sense,  and  then  those  who  in  the  first  test  merely  confoand  gray  viti> 
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the  sample  color.  Bat  ve  do  cot  rentace  to  lay  this  down  as  a  priociple, 
fur,  if  it  sbould  be  proved  tbat  these  individaals  can  geuerally  distinguieb 
the  light  of  colored  lanterns  with  safficieot  accoracj,  this  does  not  prove 
that  It  is  so  in  every  case,  aod  especially  not  at  every  distance  required 
JD  the  service.  This  is  why  ve  know  Dothing  better  to  advise  tbao  to 
refer  all  suoh  cases  to  competeDt  specialists,  as  long  as  the  tranuition 
period  of  which  we  have  spoken  lasts. 

Id  the  examination  of  doobtrul  cases  snbmitted  to  my  judgment,  I 
determined  according  to  several  of  the  methods  meatioDed  in  one  of  the 
preceding  chapters.  lu  general,  these  persons  were  all  snbjected  to  a 
trial  accordiag  to  the  methods  of  Seebeck  and  of  Maxwell,  and  an  exami- 
oation  by  means  of  the  visual  perimeter  and  of  colored  shadows,  as  well 
as  tbe  InateiDB  of  my  invention  and  colored  glasses.  These  last  meaos 
have  capacity  especially  in  view,  aod  they  are  very  suitable  for  the  ob- 
ject, when  it  is  desired  to  investigate  those  who  have  been  already  dis- 
covered, by  my  method  of  Berliu  wool,  as  having  a  defective  chromatic 
sense. 

Tbe  light  of  colored  lanterns  and  itinminated  surfaces  generally,  con- 
veniently arranged  and  methodically  used,  may  serve  especially  in  such 
cases  to  enlighten  os  as  to  the  faoalty  of  tbe  person  examined  for  appre- 
ciating colored  sigDals.  Our  experiences  of  this  kind  have  shown  us  tbat 
the  majority  of  color-blind  railway  employ^,  however  mncb  practice  they 
have  had,  are  ntteriy  incapable  of  recognizing  and  distingaishiog  the 
regolatioo  colors  of  lanterns,  especially  when  they  are  employed  in  the 
shades  which  are  not  mostcommonly  in  use  in  the  service.  This  applies 
not  only  to  tbe  completely  red  and  green  blind,  but  also  to  tbe  iucom- 
pletely  blind.  These  last  require  tbe  moat  circumstantial  Investigation, 
and  it  ia  not  to  be  assamed  that  thelower  degreescan  stand  the  trial ;  thoy 
may  often,  it  is  true,  distingnish  the  signal-lights  at  a  short  distance 
with  sufficient  accuracy,  but  they  do  not  succeed  at  a  comparatively 
greater  distance.  As  the  places  where  the  trials  are  usually  made  do 
not  command  such  distances  as  railways  for  observing  signals,  signal- 
lights  cannot  of  course  be  used  for  these  trials.  Tbey  are  replaced  l)y 
small  illuminated  surfbces,  which,  seen  from  a  suitable  distance,  produce 
exactly  the  same  effect  as  lanterns  at  a  great  distance.  Such  surfaces 
are  made  by  placing  a  screen  with  a  suitable  opeuiug  covered  with  a 
colored  glass  before  the  flame  of  a  lamp.  This  is  enough  to  show  how 
to  dispose  of  the  case  in  qneatiou. 

6.— EFFOBTS  TO  CONCEAL  OB  TO  FEION  COLOB-BLISDNESS. 

We  have  aonounoed  that  none  of  the  kinds  of  color-blindness  we  have 
ia  view  iu  this  work  could  escape  discovery  by  our  method.  But  this, 
of  course,  assumes  that  tbe  subject  does  his  best  iu  the  trial  and  acts  in 
good  faith.  Ifitbappen  thatone  persists  either  in  concealing  a  couscions 
oolor-bliadnesB  or  for  some  other  motive,  in  not  giving  the  least  informa* 
tion  by  act  or  word  it  is  evident  that  the  examination  mnat  fail  from  this 
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BitDple  reasoD,  and  that  it  is  impossible  to  draw  any  positive  coDclaBion 
with  regard  to  his  cbromatlc  sense.  The  esatniner  may  in  such  a  cose 
meDlion  aDCODditionally  In  the  certificate  that  the  one  ezamiQed  refused 
to  submit  to  tbe  asual  esamiQatioii. 

It  is  Dot  difficult  to  say  how  it  is  necessary  to  act  with  regard  to  sncfa 
persons.  It  should,  in  fact,  be  to  the  interest  of  each  one  possessing 
normal  sight,  desirous  of  euteriug  the  service  of  railways,  etc.,  to  en- 
deavor to  be  competent  in  every  respect,  and  coDseqnently  to  give  mani- 
fest proof  of  his  sense  of  colors.  Tbe  color-blind  alone  have  aoy  interest 
in  concealing  their  defect;  therefore  he  endeavors  to  escape  the  trial. 
Every  candidate  wbo  will  try  to  avoid  the  prescribed  trial  mast  there- 
fore be  considered  and  treated  as  color-blind.  Such  obstioacy  on  the 
part  of  an  employ^  must  t>c  considered  and  treated  as  an  infraction  of 
the  regulations. 

But  cases  may  arise  also  in  which  those  possessing  normal  sigbt  will 
feign  color-blindness,  and  act  as  if  they  were  so  affected.  This  may  occur 
when  some  one  wishes  to  receive  a  pension  before  tbe  time,  or  else  to 
escape  pnnishment  consequent  npon  an  anezpected  accident.  These 
are  just  tbe  very  cases  that  put  the  method  and  perspicacity  of  the 
esaminer  to  the  test.  The  examination  then  assames  the  character 
of  a  kind  of  criminal  inquest,  where  the  judge  and  the  accused  most 
give  all  tbe  atteotion  of  which  they  are  capable  to  their  redprooal  acts 
and  expressions,  to  try  to  entrap  eacli  other.  Tlie  one  examined  tries  to 
prove  that  he  is  color-blind,  while  the  examiner  endeavors  to  prove  that 
he  has  normal  sight.  Tbe  prospect  of  coming  off  viotorions  in  so  BJoKa- 
lar  a  contest  rests,  in  the  last  resort,  witb  bim  who  best  understands  tbe 
nature  of  color-blindness,  and  has  most  experience  in  tbe  manner  in 
which  the  color-blind  act.  To  enable  the  pretender  to  deceive  the  ex- 
aminer, it  ia  absolutely  necessary  that  he  sorpaas  tbe  latter  in  knowl- 
edge of  color-blindness.  There  is  in  this  an  element  of  success  to  the 
examiner,  as  it  would  be  extremely  rare  to  find  a  railway  employ^  or 
sailor  who  would,  under  tbe  ciroamstanoes  mentioned,  be  subjected  to 
an  examination  by  a  person  inferior  to  himself  in  knowled^  It  is  clear, 
in  fact,  that  an  examination  so  difficnlt,  so  minute,  and  involving  so 
much  responsibility,  should  be  confided  to  the  most  competent  person 
possible.  Bnt  it  is,  on  tbe  other  band,  very  improbable  that  a  case 
should  occur  where  it  would  be  necessary  that  a  learned  and  experienced 
siieoialist  woald  have  to  submit  to  an  examination. 

In  tbe  first  place,  examinations  of  this  kind  must  rarelj  occur,  and 
when  tbey  do,  it  must  be  at  least  in  tbe  most  difficult  oases,  that  is  to  say, 
after  an  accident — under  circumstances  where  tbe  one  examined  has  not 
had  much  time  to  study  his  part.  It  will  generally  be  seen  then  that  be 
has  not  a  profound  knowledge  of  tbe  nature  of  color-blindness,  but 
imagines  it  to  be  a  difficulty  or  incapacity  to  distinguish  signal-colors  or 
colors  in  general.  He  will,  therefore,  be  governed  by  this  idea,  and, 
either  be  will  perfectly  distinguisb  every  other  color  so  as  to  mistake  only 
the  signal-colors,  or  else  be  will  believe  be  must  confound  no  matter  what 
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color.  But,  as  we  have  seen,  each  kind  of  color-blindnees  follows  lawi 
aa  fixed  as  the  normal  sense.  Sach  a  stratagem  will  not  fail  to  violate 
them,  and  the  inilividnal  will  be  caught  in  the  very  act. 

But  there  is  absolately  nothing  which  opposes  the  supposition  that 
this  iadivldnal  may  have  a  certain  knowledge  of  the  nature  of  color- 
blindness, or,  at  least,  that  be  may  have  an  idea  of  its  regularity  with 
regard  to  the  coufusioD  of  colors.  He  may  have  studied  tbe  proofs  we 
have  cited,  and,  owing  to  the  exercise  and  observation  of  the  color-blind, 
be  will  know  bow  to  perform  tbem  id  a  manner  saitable  to  the  object  ia 
view.  The  examiner  has  always,  however,  the  choice  of  other  sample 
colors,  and  tbe  Berlin  wool  method  affords  a  large  choice.  If  that  does 
not  saffice.  and  the  individual  has  learned  from  the  truly  color  blind 
to  classify  the  whole  collection  of  wool  according  to  their  chromatto 
sense,  that  is  to  say,  that  be  can  stand  tbe  trial  according  to  Seebeck's 
method,  and  if  he  is  so  thorough  in  his  part  that  there  is  no  means  of 
making  bim  de^tart  from  it  by  abrupt  or  contradictory  qoestions,  tbe 
examiner  may  employ  for  tbe  examination  a  nnmber  of  other  known 
methods,  bat  probably  unknown  to  our  individual.  It  must  not  be  for- 
gotten  here  that  it  is  generally  easier  to  discover  faults  committed  by 
others  than  to  avoid  being  guilty  of  them  one's  snif,  and  one  must  be 
profonndly  familiar  with  bis  borrowed  part  not  to  be  gailty  of  inconsist- 
encies. With  regard  to  feigning  a  certain  kind  of  color- blindness,  we 
knov  by  our  experience  with  regard  to  this,  that  it  is  a  very  difficalt 
thing,  and  scarcely  ever  succeeds  before  an  attentive  and  exjierienced 
examiner.  All  these  circumstances  are  advantageous  for  the  examiner, 
but  his  superiority  is  not  limited  to  this.  For  if  it  should  happen — an 
extremely  improbable  thing — that  a  preteader  were  familiar  with  all  the 
known  teats  and  methods,  and  besides  had  not  less  practice  than  talent 
IQ  ezecating  tbem  as  accurately  as  the  color-blind,  the  examiner  has, 
nevertheless,  tbe  power  of  inventing,  owing  to  bis  special  knowledge, 
new  tests,  and  of  varying  those  already  known. 

Besides  tbe  precaution,  which  mnst  not  be  neglected,  of  conducting 
the  examination  in  tbe  presence  of  expert  and  competent  persons,  there 
is  an  especial  means,  which,  while  being  certain  of  preventing  all  frau- 
daleot  attempts, -jndges  tbe  accused  in  the  usual  manner,  that  is,  by  the 
teetimony  of  two  persons.  These  two  witnesses  should  be  two  color- 
blind of  tbe  same  kind  as  that  feigned  by  tbe  examined.  If  these  two 
iodivldaals  are  first  subjected  separately  and  independently  of  each 
other  and  the  juetHio-color-blind,  to  the  same  trial  as  he,  let  the  results 
be  noted  down  carefnlly,  and  then  tbe  whole  three  together,  and  it  will 
then  soon  be  seen  bow  tbe  case  stands  with  one  individual.  The  two 
color-blind  will  in  this  manner  give  the  necessary  testimony  without 
resting  npon  the  discretion  of  tbe  examiner.  This  manner  of  proceeding 
must,  however,  be  employed  with  caution  and  discrimination,  as  tbe 
conformity  between  two  color-blind  of  the  same  class  is  not  absolutely 
perfect  in  every  respect.  The  resnit  must,  therefore,  always  be  made  t» 
harmonize  by  the  explanation  of  tbe  examiner.  l  GoooIc 
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IFrom  Ika  PriDoston  BaTlsw.  for  Jul;.  1»45.J 

It  )3  an  iuterestinj;  fact  Id  reference  to  the  dependence  of  one  class, 
atleastof  ourkDowledge,  on  seiisatioD,  tbatmany  persons  are  born  tritb 
defective  vision  aod  yet  remain  for  years  of  tbeir  lives  without  being 
cousciouB  of  tbe  delicieucy.  We  know  a  geuilemau  who  had  probably 
been  always  near  sighted,  bat  who  did  ool  discover  the  peculiarity  of 
his  visiou  until  tbe  age  of  twenty-five,  when  it  was  accideutslty  made 
known  by  looking  at  a  distant  object  through  a  concave  lens.  Many 
persons  whose  eyes  are  sound  and  capable  of  esercisiog  the  most  deli- 
cate functions,  are  permaoently  uuuble  to  distinguish  certain  colors. 
And  the  number  of  such  persons  is  iDUch  more  considerable  than  wo 
would  be  led  to  imagine  Irom  the  little  attention  this  defect  of  visloQ 
has  escited.  It  is  often  unknown  to  Ibo  iLdividual  himself,  aud  indeed 
only  becomes  revealed  by  comparing  his  powers  of  discriminating  dif- 
ferent colours  with  those  of  other  perKons.  The  eye  also  under  somecir- 
cnmstauces  may  lose  its  sensibility  i'or  particular  colors,  or  be  thrown 
into  such  an  uunsual  state  as  to  present  all  objects  to  the  miud  under 
the  appearance  of  a  false  color.  Thus  if  a  person  looks  fixedly  for  a  time 
at  a  bright  red  object  and  then  turns  bis  eye  to  a  white  wall,  he  will 
perceive  a  green  image  of  the  red  object  depicted  on  the  white  surface- 
A  lady  of  our  acquaintance  was  once  thrown  into  an  alarming  but  lauf  b- 
ablu  parosysm  of  terror  by  an  efl'ect  of  this  kind.  She  had  beeu  for  some 
hours  atteutively  sewing  on  a  bright  crimson  dress,  wheu  her  attention 
was  directed  towards  her  child,  who,  in  its  sport,  had  thrown  )t^elf  on 
the  carpet ;  its  face  appeared  of  the  most  ghastly  hue,  and  the  affrighted 
mother  screamed  iu  agony,  that  her  child  was  in  convulsions — the  other 
inmates  of  the  house  hastened  to  her  assistance,  but  they  were  surprised 
to  find  the  little  one  smiling  in  perfect  health.  The  sanity  of  the  mother 
became  the  nataral  object  of  solicitude,  until  the  efiect  was  properly  re- 
ferred to  the  impression  made  on  her  eye  by  the  crimson  cloth. 

rbcnomeua  of  this  kind  are  known  by  the  name  of  accidental  colors; 
they  have  long  attracted  the  altenliou  of  the  natural  philosopher,  bat 
the  explanation  of  them  is  still  involved  iu  considerable  uucertainty. 
Tbe  hypothesis  which  has  been  most  generally  adopted  is  that  the  eye 
by  long  atteutioD  to  a  particular  color,  becomes  fatigued  with  this  and 

*  1.  ObaervatioDB  on  oolonr  bllndaeBB,  oi  iaiteDBiLilit;  to  the  Imprefliiioii  of  cecUiu 
colonra.    By  Sir  David  Btevmtet,  E-  U.,  &a.  Pbilosophical  Magozioe. 

2.  Memoir  on  Daltooiam,  (oc  colour  blinitaesa.)  B;  H.  Elie  WBTtmaun,  Profeaaor  of 
Katntal  Phi1oMit»b;  id  tbe  Academy  of  LaoaanDe,  &a.    ScieotiQc  Uemoirs. 
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is  incapnble  after  a  time,  of  distinctly  perceiving  it;  while  it  reWina  its 
Tall  power  of  perception  Id  reference  to  a  tresh  color.  The  rouoeqaenco 
of  tbia  is  that  wheu  the  eye  in  directed  to  a  white  sarface,  nfter  having 
attentively  regarded  a  red  object,  green  must  appear;  because  white 
may  be  considered  as  a  compound  of  red  and  greeu,  and  when  the  per- 
ception oi'  the  red  is  destroyed,  the  green  mast  become  visible.  This 
ezplaoation,  however  well  it  may  apply  to  some  of  the  phenomena,  is 
not  snfficient  for  the  whole.  Accidental  colors  can  be  perceived  in  the 
eye  itself  in  perfect  darkness.  This  is  shown  by  steadily  regarding  for 
a  short  lime  a  brilliant  lamp,  and  then  coverine  the  eyes  with  the  bunda 
so  aa  toescladeall  external  light,  a  luminous  spot  will  be  perceived 
which  passes  in  sncoessioD  through  all  the  colors  of  the  rainbow. 

Of  (be  real  canse  of  these  appearances  we  are  as  yet  almost  entirely 
ignorant.  Professor  Plateau,  of  Ghent,  has  indeed  ret^rred  them  all  to  a 
few  simple  priociptes,  bat  these  appear  to  as  rather  ezpressioos  of  tiie 
law  of  succession  of  the  phenomena,  than  physical  explanations  of  them. 
Wedo  not  however  at  this  time  intend  todwelloa  this  class  of  phenomeos, 
bot  to  give  a  saccinot  account  of  those  peouliaritiea  of  vision,  in  which 
abnonnal  perceptions  of  color  are  permanent,  and  which  are  fully  treated 
of  io  the  memoirs,  the  titles  of  which  stand  at  the  bead  of  this  article. 

The  peculiarity  of  vision  called  colorbtindnega,  and  sometimes  Dalton- 
inn,  may  generally  be  referred  to  two  classes.  1.  Those  in  which  all  iu- 
pressioD  of  color,  except  white  and  black,  are  wauting.  2.  Those  la 
which  the  iudividual  can  perceive  certain  simple  colors,  but  is  not  able, 
properly  to  distinguish  between  them.  There  are  persons,  strange  a&it 
may  appear,  in  whom  the  sense  of  primary  color  is  entirely  deficient, 
and  who,  in  place  of  red,  yellow  and  bine,  see  nothing  but  different 
degrees  of  white  and  black.  Professor  Wartmaan  gives  a  number  of 
cases  of  this  kind.  The  most  ancient  of  those  he  Buds  described,  is  that 
by  Dr.  Toberville,  in  1C84,  of  a  woman,  of  aboat  32  years  of  age,  vho 
came  to  consult  the  Dr.  about  her  sight,  whicb,  though  excellent  iu  other 
respects,  gave  her  no  impression  iu  reference  to  color,  except  white  and 
black.  Spurzheim  mentions  a  family,  all  the  membersof  which  could  only, 
distinguish  different  shades  of  white  and  black  An  account  is  given  by 
Mr.  Huddart  of  a  shoemaker,  in  Cuml>erland,  who  could  distinguish  in  dif- 
fereat  colors  only  a  greater  or  less  intensity  of  light,  calling  all  bright 
tintfl  white  and  alt  dull  ones  black.  Bis  peculiarity  of  vision  was  unkuown 
tohimantiloneday,  while  a  boy,  playing  iu  the  street,  he  found  a  stocking, 
and  for  the  first  time,  was  struck  with  the  fact  that  it  was  called  by  his 
companions  red,  whereas  to  hismindit  was  capable  of  no  farther  descrip- 
tion than  that  designated  by  the  word  stocking;  be  was  thus  led  to  con- 
elude  that  there  was  something  else  besides  tbe  form  and  position  in  the 
leaves  and  fruit  of  acberry  tree,  perceived  by  his  playmates  butnot  seen  by 
himself.  Two  of  his  brothers  bad  the  same  imperfection,  while  two  other 
brotbersjbis  sisters,  and  other  relatives,  bod  the  nsoal  condition  of  vision. 

Of  tbeother  class,  the  cases  are  much  more  numerous;  we  shall,  how- 
ever, give  only  a  few  examples.     Mr.  Harvey,  of  Plymouth,  mentions  a 
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tailor  vbo  coald  see  Id  tbe  rainbow  bat  two  tints,  namely,  yellow  and 
briglit  blae.  Blacb  appeared  to  bim  in  general,  green,  sometimes  ciim- 
son — light  blneappeared  like  dark  blae,  crimsoD,  or  black — gieenwascon- 
foandedwith  black  and  brown— carmioe,  red,  lake,  and  crimeoD  with  bine. 

But  tbe  most  interesting  case  of  this  kind,  ia  that  of  tbe  celebrated 
chemiealpbilosopber,  Dr.  Calton,  of  England.  He  pablisbedaDacconDt 
of  bis  owD  case  and  that  of  several  others,  in  the  Transactions  of  the 
Manchestec  Society,  in  1794.  Of  the  seven  colors  of  the  rainbow,  he 
could  distingnisb  but  two,  yellow  and  blue ;  02  at  most,  thiee,  yellow, 
blue,  and  pnrple.  He  saw  no  difference  between  red  and  green;  so 
that  be  tbongbt  the  color  of  a  laurel  leaf  tbe  same  hs  that  of  a  stick  d 
red  sealing-waz.  Astory  istoldof  his  having,  on  on»  occasion,  appeared 
at  the  quaker  meeting,  of  which  he  was  a  member,  in  the  usual  drab 
coat  and  smallclothes  of  tbe  sect,  with  a  pair  of  flaming  red-colored 
stockings  to  match.  Whatever  may  be  tbe  truth  in  rel'ereace  to  this 
story,  wehavethe  assertion  of  Professor  Whewcli,  that  when  Dr.  Dalton 
was  asked  with  what  he  would  compare  tbe  scarlet  gown  with  which  be 
bad  been  invested  by  tbe  university,  be  pointed  to  the  trees,  and  declared 
that  he  perceived  nodiSereoce  between  the  color  of  bis  robe  and  that  of 
their  foliage.  Dr.  Dalton  found  nearly  twenty  persons-possessed  of  the 
same  peenliarity  of  visiou  aa  himself;  and  among  the  number,  the  cele- 
brated metaphysician,  Dngald  Stewart,  who  conld  not  distinguish  a 
crimson  fruit,  like  the  Siberian  crab,  from  tbe  leaves  of  tbe  tree  on  which 
it  grew,  otherwise  than  by  tbe  difference  in  its  form.  . 

On  accouatof  the  prominence  which  Mr.  Daltou's publication  gave  this 
defectofvision,thecontinental  philosophers  gaveit  the  name  of  i>a{foR(<ni. 
To  this  name,  however,  several  British  writers  have  strongly  objected.  If 
this  system  ofnames  were  once  allowed,  say  they,  there  is  no  telling  wbeie 
it  wonid  stop,  tbe  names  of  celebrated  men  would  be  connected,  not  with 
their  superior  gifts  or  achievements,  bat  with  the  personal  defects  which 
distinguish  them  from  their  more  favoured  but  less  meritorious  cotempo- 
raries.  Professor  Whewell  proposed  tbe  term  Idiopts,  signifying  pecoU- 
arity  of  vision;  but  totbisnameSirDavid  Brewster  properly  objected,  that 
the  important  consonant  p  would  be  very  apt  to  be  omitted  inordinary  pro- 
iianciatioa,aad  so  the  last  state  of  tbeldiopt  would  be  worse  than  Ibo  first. 
Tbe  name  cotorblindness,  suggested  by  Sir  David,  although  not  in  all 
oases  free  from  objection,  is  perbapsbettertbananywebaveseenproirased. 

It  bos  already  been  stated  that  the  number  of  persons  affected  with 
oolor- blindness,  is  much  more  considerable  than  is  generally  imagined 
They  are  often  themselves  ignorant  of  their  imperfection  of  vision,  par- 
ticularly when  it  is  restricted  to  the  want  of  power  to  discriminate 
between  colors  nearly  related  to  each  other.  Professor  Seebeck  foaad 
five  cases  among  tbe  forty  boys  who  composed  the  two  upper  classes  of  a 
gymnasium  of  Berlin.  Professor  Prevost,  of  Geneva,  ^ated  that  they 
amounted  to  one  in  twenty;  and  Professor  Wartmauu  does  not  think  tbia 
estimate  much  exaggerated. 

Observations  on  this  peculiarity  of  vision  have  as  yet  been  confined, 
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SO  far  aa  ve  know,  to  Earope,  with  tbe  exceptioo  of  tvo  cases  described 
by  Dr.  Hays,  of  Philadelphia,  in  tbe  Proceedings  of  tbe  Amecic&n  Philo- 
sophical Society.  It  has  also  as  yet  been  found  only  among  tbe  wbite 
race,  altboagb  sufQcient  observations  have  not  been  made  to  render  it 
probable  that  it  is  confined  to  this  variety  of  tbe  baman  family.  Tbe 
qaestion  has  been  asked,  whether  there  is  any  external  sign  by  which 
to  detect,  nitb  simple  inspection  of  the  vienal  organ,  a  case  of  color- 
blindness. Professor  Wartmann  remarks,  that  he  wonid  not  Tentare  to 
give  an  answer  to  this  qnestion  in  all  cases  in  tbe  negative.  I  have 
observed,  says  he,  in  tbe  case  of  Daltoniana  whose  eyea  are  brown,  of 
tbe  color  which  tbe  English  call  hazel,  a  golden  lastre  of  a  peculiar 
tint,  when  the  eye  was  viewed  under  au  iDcidence  of  some  obliqaity. 

Ooloc-blindness  is  found  mucb  more  common  nmongmen  than  women. 
Out  of  one  hundred  and  fifty  registered  cases,  there  are  but  six  of  females, 
and  one  of  these  is  donbtfuL  It  has  been  conjectured  that  needle-work 
on  a  variety  of  colored  articles,  might  be  the  means  of  conuteracting  the 
tendency  to  this  defect,  as  well  as  to  produce  a  delicacy  of  dtticrimina- 
tioD  of  different  shades  of  color  not  possessed  by  those  otherwise  em- 
ployed. But,  in  answer  to  this,  it  has  been  remarked,  that  in  tbe  case 
of  Daltoniaos  engaged  in  painting,  there  has  been  found  butlittle,  if  any 
improvement  of  condition  of  the  vision ;  and  the  very  employment  of  the 
females  on  works  which  require  a  constant  comparison  of  color,  would 
daily  reveal  cases  of  blindness  of  this  kind,  did  it  frequently  exist  in  tbe 
female  sex.  This  peculiarity  of  vision  is  principally  congenital.  Pro- 
fessor W,  has  found  but  two  exceptions.  Id  one  of  these,  colors  were 
perceived  in  the  usual  manner,  nntil  at  the  ninth  year,  when  at  that  time 
the  boy  received  a  violent  blow  on  the  head,  which  fractured  the  skull, 
and 'rendered  surgical  operations  necessary.  Tbe  fact,  however,  that 
three  of  tbe  brothers  of  this  individual  were  affected  with  the  same  kind 
of  vision,  renders  it  probable  that  be  was  constitutionally  predisposed  to 
this  peculiarity. 

With  regard  to  hereditary  predisposition  there  are  some  persons  in 
whom  this  defect  of  vision  occurs,  whose  relatives  have  never  been 
known  to  be  affected  with  it ;  others  appear  to  have  inherited  it  from 
their  fathers  through  several  generations,  both  on  the  maternal  and 
paternal  side.  Tbe  boy  before  mentioned,  as  becoming  blind  at  the  age 
of  nine  years,  was  the  eldest  of  eleven  children,  seven  males  and  font 
females ;  these  were  singularly  divided  into  two  sets,  one  of  which  con- 
sisted of  individuals  wltb  blond  hnir,  and  all  the  males  with  defective 
vision ;  the  other,  of  those  with  red  hair  and  ordinary  imwer  of  vision. 

Br.  Seebeck,  as  well  ns  Professor  Wartmann,  has  made  a  series  of 
experiments  to  determine  whether  a  person  of  this  peculiarity  of  vision 
possesses  the  power  of  perceiving  differences  in  colors  which  appear 
identical  to  us.  The  result  of  the  investigations  of/both  thfese  pbiloso- 
phera  Tvas  that  he  does  not.-  Another  problem  has  also  been  solved  by 
the  iast-mentioned  gentleman,  in  rel)!rence  to  the  difference  between  a 
person  with  tbis  defective  vision,  and  oneof  ordinary  conditioned  sight,  in 
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tbe  perceptiou  of  complemeataiy  colors.  He  foaod  that  colors  vhich 
we  regard  as  complemeutary,  or  sach  as  when  mingled  together  prodace 
white,  do  not  appear  as  snch  to  those  affected  with  abnormal  vision. 
They  are  not  however  insensible  to  accidental  colors,  bat  the  feeling 
which  results  from  the  fatigae  of  att^mpliug  to  produce  these  appears  to 
be  more  painfnl  in  them  than  in  us. 

Various  hypotheses  have  been  advanced  by  different  persous  for  the 
explanation  of  color-bliudness.  Mr.  Dalton  supposed  that  his  pecnliarit; 
of  vision,  aa  well  as  that  of  those  whom  he  had  examined,  depended  on 
the  fact  that  tbe  vitreoas  or  principal  humonr  of  the  eyo,  in  these  cases, 
instead  of  being  colorless  and  transparent  was  tinged  with  a  bine.  After 
bis  death,  in  obedience  to  his  own  iastrnction,  his  eyes  were  examined 
by  his  medical  attendant,  tSr.  Ransome,  bot  the  vitreous  humonr  was  not 
found  to  exhibit  any  tinge  of  blaej  on  the  contrary,  it  was  of  a  pale 
yellow  color.  Objects  viewed  through  it  were  not  changed  in  color  as 
tbey  should  have  been  had  the  hypothesis  been  true.  Indeed,  were  tbe 
snpposition  correct,  the  same  effect  should  be  produced  by  blue  specta- 
cles, which  is  known  not  to  be  the  case. 

Stewart,  Herschel  and  others  are  of  the  opinion  tbat  this  malady  of 
vision  is  attribatable  to  a  defect  in  the  senaorium  itself,  which  renders 
it  incapable  of  appreciating  the  differences  between  the  rays  on  wbii^ 
the  sensation  of  color  depends.  Sir  David  Brewster  conceives  that  tlie 
eye,  in  tbe  case  of  color-blindness,  is  insensible  to  the  colors  at  one  end 
of  the  spectrum,  just  as  the  ear  of  certain  persons  is  iiisensible  to  sounds 
at  one  extremity  of  the  scale  of  masical  notes,  while  it  is  perfectly  sen- 
sible to  all  other  sounds.  He  knows  nothing  about  the  tensorium  or  its 
connection  with,  or  mode  of  operation  upon,  tbe  nerves  of  sensation ;  and 
from  tbe  analogy  of  sight  and  hearing,  he  has  no  hesitation  in  predicting 
that  there  may  be  found  persons  whose  color-blindness  is  confined  to 
one  eye,  or  at  least  is  greater  in  one  eye  than  in  the  other.  Nor  is  this, 
says  he,  wholly  a  conjecture  from  analogy,  for  my  own  right  eye,  though 
not  a  better  one  than  the  left,  which  has  no  defect  whatever,  is  more 
sensible  to  red  light  than  the  left  eye.  Tbe  case  is  precisely  anologona 
with  respect  to  his  ears,  for  certain  sounds;  and  no  persou,  it  is  pre- 
snmed,  will  maintain  that  there  is  a  sensorium  for  each  ear  and  each  eye. 

Whatever  may  be  tbe  cause  of  tbe  inferiority,  there  exists  a  very  easy 
means  of  rectifying  it  to  a  certain  extent.  This  nietho<l,  Hrst  nse<)  by  Dr. 
Seebeck,  consists  in' viewing  colored  objects  through  colored  media. 
Suppose  the  medium  to  be  a  piece  of  red  glass ;  the  impression  of  a  red 
body  and  of  a  green  one  on  tbe  eye  of  a  person  like  Dr.  Dalton,  would 
be  different,  although  with  the  naked  eye  they  would  be  the  same.  Tbe 
red  glass  would  intercept  much  more  of  the  light  of  the  green  object 
than  of  the  red  one,  an<l  hence  the  two  woald  be  readily  distinguishable 
by  a  difference  in  tbe  intensity  of  tbe  illumination  of  the  two  objects. 
Nothing  can  equal  the  surprise,  says  Professor  Wartmann,  of  a  Laltoa- 
tan  when  tbe  errors  which  he  commits  every  day  iu  the  appreciation  of 
colors  are  thus  disclosed  to  him.  i  il  ' 
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Oentleiobn;  I  Bhftll  conform  to  tbe  established  Ds«ge  of  treating,  in 
tiie  flist  part  of  tbis  report,  qaestions  relating  to  the  membersbip  and 
admiDlstration  of  oar  Bocietf ,  and  of  giriDg,  in  tbe  second  part,  a  snccinct 
BtatemeDt  of  its  scientific  labors. 

Oar  society  has  met  tbis  year  with  a  very  great  loss  in  tbe  deatb,  at 
Ceaeva,  March  7,  IS75,  of  Dr.  Chossat;  if  medical  science  has  lost 
in  him  one  of  its  most  distingaisbed  represbntatives,  we  bare  also  to 
uoam  a  colleagae  who  felt  the  liveliest  interest  in  the  labors  of  the 
society,  in  which,  from  1830,  be  toolc  an  active  part,  and  of  which  he 
Iwcame  president  in  1863,  and  for  many  years  panctnalty  attended  its 
Bieetings.  The  great  repntation  of  Cbossat's  wortis  extended  far  beyond 
the  confines  of  Geneva,  and  exercised  a  remarliable  iaflaence  on  tbe 
science  to  which  he  bad  devoted  himself;  be  was,  so  to  speak,  better 
known  abroad  than  in  hia  own  conntry,  where  he  was,  without  doabt, 
6i]ly  appreciated  by  his  associates  of  the  Society  of  Medicine  and  Physics, 
bnt  where,  however,  tbe  iuflneoce  and  consideration  he  enjoyed  among 
bis  coQDtrymen  had  not  reached  tbe  level  of  bis  repntation  abroad. 
Being  myself  nnacqnninted  with  tbe  science  caltivated  by  Dr.  Gbossat,  it 
voold  be  very  difScnlt,  if  not  impossible,  for  me  to  give  an  even  imper- 
fect acconnt  of  his  labors  and  life,  witbout  having  recoarse  to  the  assist- 
aooe  of  a  more  competent  person  ;  it  is  to  tbe  kindness  of  oar  colleague, 
Dr.  J.  L.  Provost,  that  I  am  indebted  for  tbe  following  notice : 

Dr.  Charles  Cltienne  Jacques  Cbossat,  born  at  Carooge,  April  30, 1T9G, 
WHS  descended  from  a  French  family  originally  from  the  environs  of 
Valence,  who  had  taken  refage  in  Geneva,  in  consequence  of  the  relig- 
ions persecations  BO  cruelly  waged  in  the  C^vennes  in  the  eighteenth 
century,  Chossat  first  studied  with  Pestalozzi,  and  on  leaving  the  Iii- 
Btitnt  d'Tverdon,  continned  bis  studies  at  tbe  Academy  of  Geneva. 
While  stjtl  yoang  he  eviuced  a  very  decided  taste  for  tbe  natural  sciences 
and  medicine,  wbicb  latter  be  intended  to  embrace.  In  1813,  Cbossat, 
then  seventeen  years  of  age,  would  have  l>een  enrolled  in  tbe  Guard  of 
Honor  {gardet  cPkonneur),  if  his  father  had  not  entered  liim  as  a  student 
of  theology,  either  at  Geneva  orMontaaban.    This  decision  was  entirely 
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autagoniBtic  to  the  Bcientific  tastes  of  Oboesat,  vho,  while  attendiag  tbe 
lecture-room  of  tbeolog;  to  please  bis  parents,  was  secretly  stodyiDg 
aoatomy,  aoder  the  auspices  aad  directioB  of  Dr.  Ooiodet,  then  at  the 
head  of  the  Hospital  of  Geneva,  who  gave  bim  access  to  hia  library  and 
to  the  hospital.  la  1815,  after  having  obtained  the  degree  of  bachelor  of 
Bdencea,  ChoBsat  left;  for  Paris,  where  be  zealoasly  devoted  bimself  to 
the  medical  and  physiological  sciences,  under  the  anspicea  of  Magendie, 
his  instractor,  and  at  a  later  date  his  friend.  In  addition  to  bis  medical 
studies,  he  assiduously  atteDde<1  courses  of  lectures  on  physics,  by  Gay- 
Lassao  and  Biot;  on  chemistry,  by  Tb^nard ;  on  comparative  anatomy,  by 
Cuvier;  on  astronomy,  at  the  observatory,  by  Arago ;  and  on  the  differen- 
tial and  integral  calculus  and  applied  mechanics,  by  Lacrois  and  Poissoa. 
These  numerous  studies  did  not  prevent  bim  from  undertaking  originid 
researches,  for,  in  1817,  he  pablisbed  bis  first  memoir,  ''On  the  relatim 
of  the  sine  of  rejraction  to  the  refracting  media  of  lAe  eye";  and  the  year 
follofving  a  second  memoir,  "On  the  curvature  of  the  media  of  the  ese." 

United  by  ties  of  friendebip  with  one  of  his  former  school-oompan- 
loDS,  Dr.  J.  L.  Pr6vost,  from  Edinburgh,  Chossat  made  with  him,  ia 
the  coarse  of  the  same  year  (1816),  a  great  number  of  experimental 
researches  on  death  by  cold  and  on  the  mechanism  of  refrigeration— 
experiments  briefly  stated  in  his  thesis  for  the  degree  of  doctor,  which 
was  the  object  of  his  labors  for  the  year  1819. 

In  1820  be  presented  to  the  Academy  of  Sciences  a  memoir  ''On  th« 
influence  of  the  ncrtoas  in/stem  on  animal  heat."  In  this  worh,  which  he 
made  the  subject  of  his  thesis,  and  which  confirmed  the  former  researches 
of  Brodie  and  Legailois,  he  attributed  to  the  ganglionic  nervons  system 
the  power  of  directly  develo))ing  heat,  independently  of  the  combastion 
exercised  by  respiration.  Bis  conclusions  are  not  all  now  admitted,  but 
the  CaotB  observed  were  exact,  and  only  their  interpretation  has  varied 
since  then. 

After  having  received  the  degree  of  doctor  in  1820,  Ohossat  passed 
several  montbsin  England,  wherehis  scientific  researches,  already  known, 
caused  him  to  be  kindly  welcomed  by  Brodie,  Aetley  Cooper,  Aber 
nethy,  Humphrey  Davy,  et  al.  He  visited  the  faculties  of  Edinburgh  and 
Dublin,  and  tJien  returned  to  Geneva,  whence  he  soon  set  out  as  private 
physician  to  an  Austrian  countess,  with  whom  be  traveled  for  several 
years  In  Germany,  France,  and  Switzerland,  and  In  the  sooth.  During 
these  travels  he  made  prolonged  sojourns  in  the  most  important  cities, 
passing  all  his  winters  in  Italy,  which  he  learned  to  know  throughly. 
Meanwhile,  however,  he  did  not  abandon  study  and  experiment;  it  is 
in  fact  to  this  period  that  we  trace  several  of  his  worka  It  wee  dn^ 
ing  a  long  stay  at  Pisa,  in  1824,  that  he  completed  a  memoir  "  On  the 
analysis  of  the  urinary  functions,"  in  which  he  soagbt  experimentally  the 
circumstances  in  man  inflneocing  the  secretion  and  composition  of  urine. 
This  very  important  memoir,  which  contains  new  and  numerous  observa- 
tions, won  the  prize  for  experimental  physiology  at  the  Academy  of 
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ScieDoes  ia  1835,  and  waa  inserted  the  same  year  in  Magendie'a  Jonmal 
of  Pbyeiology.  It  was  at  the  same  time,  duriog  his  winter  residence  in 
Some,  Florence,  and  Naples,  that  he  began  his  experimental  researches 
oa  inaQitioD,  a  work  to  which  he  coosecrated  several  years  of  diligent 
labor. 

Id  1823,  Cbossat,  leaving  Italy,  retarned  to  establish  himself  perma- 
Dently  in  Geneva,  where  he  was  married ;  from  that  period  he  divided  bis 
time  between  the  duties  of  his  practice  and  bis  scieotidc  labors.  Itesam- 
ing  his  studies,  and  pnrsaing  them  with  indefatigable  perseverance, 
he  presented  in  1838,  to  the  Academy  of  Soieaces,  his  researches  "  On 
iiuutttio»''~-a  work  remarkable  from  the  importance  of  the  results 
obtained  and  the  iDduence  it  soon  exercised  on  the  dietetics  of  acute 
diseases.  A  short  time  after,  this  memoir  gained  the  prize  for  experi- 
mental physiology,  which  won  for  its  author,  from  the  year  1846,  the 
title  of  oorrespondiog  member  oC  the  Academy  of  Medicine  of  Paris, 
and  In  1865  the  cross  of  the  Legion  of  Honor.  In  this  work,  Cbossat  col- 
lected and  grouped  the  results  of  his  researches,  some  of  which  had 
already  been  stated  in  several  notes  addressed  to  the  Academy  of  Sci- 
eoces.  He  studied  the  influence  of  the  deprivation  of  aliment  in  gen- 
eral, and  showed  that  an  animal  dies  when  it  has  lost,  on  an  average, 
0.1  of  its  initial  weight.  With  warm-blooded  animals,  the  integral  loss 
seems  to  be  independent  of  the  class  to  which  the  subject  nnder  experi- 
ment belongs,  as  well  as  of  the  normal  weight  of  its  species.  This 
average  flgnre  of  0.4  for  the  adult  animal  varies,  however,  in  its  already 
qnite  extended  limits,  according  to  the  strength,  age,  and  obesity  of  the 
subject.  With  a  very  fat  animal,  the  loss  might  be  increased  to  0.5, 
while  with  the  yoang  it  oaa  scarcely  exceed  0.2.  The  author  also  very 
carefully  studied  the  diminution  of  temperature  caused  by  inanition. 
These  data  are  of  essential  importance  in  the  treatment  of  diseases,  by 
showing  the  injurious  inflaence  of  too  restricted  a  diet. 

ChoBsat  then  studied  the  influence  of  the  deprivation  of  nltrogenoas 
food  by  sobjeoting  animals  to  an  exclusively  sugar  diet,  as  well  as  the 
infloence  on  the  skeleton  of  mineral  inanition,  or  of  the  deprivation  of 
saline  substances. 

It  Is  impossible  to  give  here  even  an  incomplete  summary  of  an  au- 
thoritative work.  Justly  become  classic,  and  one  of  the  chief  sources  of 
Ghossat's  fame.  In  this  work,  as  in  all  his  other  researches,  Cbossat 
distinguishes  himself  by  a  remarkable  scientific  conscientioosness,  a 
minute  exactness  iu  his  experiments,  and  a  careful  and  truthful  analy- 
sis of  &cts.  The  author  excludes  every  doubtful  fact;  and  it  is  only 
a(ter  convincing  himself  of  his  accuracy  by  new  researches  that  be  draws 
conclusions.  "  In  brief,"  said  Cbossat,  and  it  is  in  this  way  be  ends  his 
memoir,  *'  inanitiation  '  is  a  cause  of  death,  which  marches  silently  and 

*SeeoD  tbesabjeot  of  inanllialioa  tbe  follonitig  note,  p.  9  of  the  memoir:  "I  Sod 
mjieU  tegretfbllf  obliged  to  tovent  a  new  term,  thongfa  Bccordiog  to  grammfttioal 
•nalogy,  toexpreaathegradDalpaaBageofthe  body  to  a  state  wbkb  Uonlyreollr  IntuiU 
tion  *t  its  close.    iDnnUioo  U,  corroutly  upeukioK,  bat  ttie  end  of  iDanitiation." 
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abreast  witli  ever;  diaease  in  which  the  alimetitatioti  iB  not  ia  a  Dormal 
coDditioD.  It  reaches  its  natarat  limit  sometimes  soooer  and  Bometimes 
later  than  the  disease  it  silently  accompanies,  and  may  then  become  the 
priDcipal  disease  id  instances  where  it  was  at  first  but  symptomatic  It 
might  be  recognized  by  the  degree  of  the  destractioo  of  the  mDScalar 
libers,  and  its  actaal  importance  measared  each  moment  by  the  relative 
weight  of  the  body." 

Constantly  occopieil  with  the  task  of  verifying  and  completing  bis 
researches,  Cbossat  undertook  the  stady  of  osteomalacy  by  saline  inani- 
tiatioD,  when  in  1842  he  was  invited  to  constitnte  one  of  the  l>oard  of  pah- 
lie  instrnction.  Carrying  into  these  new  fnnctions  all  the  zeal  and  perse- 
verance which  characterized  him,  be  was  obliged  to  abandon  his  original 
scientiBo  researches.  Appointed  in  1S15  member  of  a  commiasion 
charged  by  the  departmentof  pablic  insttactioo  to  organize  a  system  of 
Instmction  for  the  indastrial  and  commercial  dassea  of  the  canton  of 
Geneva,  he  drew  ap,  as  reporter,  a  detailed  memoir,  the  conclosioos  of 
which,  logically  deduced,  were  applied  at  a  later  date. 

In  1818,  the  board  of  pnblio  instmction  was  dissolved,  and  Choasat 
retired  again  into  private  life,  bnt  the  time  be  was  obliged  to  devote  to 
a  large  practice,  and  the  fatigue  attending  it,  forced  him  relnctantly 
to  renoonce  bis  original  labors,  which  he  felt,  he  swd,  that  be  bad  no 
longer  the  timeand  strength  to  oontinae  in  a  regolar  manner.  Although 
be  gave  Dp  writing,  he  still  contjnaed  to  occupy  himself  with  the  most 
varied  scientific  and  literary  subjects.  The  taste  for  reading,  which  he 
iodulged,  finally  became  a  veritable  passion,  and  even  Id  the  last  years 
of  his  life  he  kept  htmaelf  informed  of  all  the  principal  ecientifio  discov- 
eries, not,  however,  neglecting  for  this  the  ancient  writers,  especially 
Plato,  npon  whom  be  loved  to  meditateb 

Attacked  by  an  organic  disease  of  the  stomach,  which  made  rapid  pro- 
gress in  a  body  worn  out  by  intellectual  and  physical  labors,  Ohossat 
awaited  his  end  with  resignation,  preserving  his  focolties  to  tbe  lost 
moment  suEBciently  to  be  able  to  announce,  bimself,  to  bis  family,  some 
hours  before  dying,  tbe  precise  moment  of  his  death.  Tbis  distinguished 
scientist  died  March  7,  1S75,  in  the  seventy -ninth  year  of  his  age. 


The  society  had  to  award  this  year  the  prize  fonnded  by  A.  P.  De  Can- 
dolle.  The  prize  was  adjudged  to  Professor  Radlhofer,  of  Munich,  for 
a  monograph  on  the  Sapindaceons  family. 

The  second  part  of  volume  xxiii  of  the  memoirs  of  onr  society  ap- 
peared during  the  course  of  lost  autumn;  the  first  part  of  volume  xxiv 
is  now  in  press,  and  includes  the  second  part  of  the  memoir  of  Messrs. 
dc  lioriol  and  Pcllat. 

The  Geological  Society  of  France  having  communicated  its  desire  to 
meet  in  Geneva  in  1875,  to  bold  there  R  portion  of  its  annual  session, 
tbe  society  appointed  a  committee,  composed  of  MM.  Alpbonse  and 
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Ernest  Parre,  de  Loriol,  de  Sanssnre,  and  Soret,  to  arrange  this  mat- 
ter. This  committee,  which  bad  the  power  of  adding  new  members, 
was  commissioned  to  take  measures  for  the  reception  of  the  Geological 
Society  daring  its  stay  in  Genera. 

B.t8Xm.t  OF  SOlENTlPia  WOBE. 

1.  Physical  sciences. — Professor  Golladoo  read  before  as  a  memoir  in- 
serted in  Ko.  213  of  the  Archives  des  8ciew:ea  Fhysiquet  et  Jfaturelle* 
(Archives  of  the  Pbysicul  and  ^ataral  Scieaces),  October,  1S74,  on  the 
vesUgea  of  a  former  bed  of  the  Arve,  discovered  by  digging  for  tbe  foaod- 
atioDS  of  the  new  theater.  Tlie  excavations  made  on  this  occasion,  at 
the  foot  of  the  terraces  of  Treille  aud  Tertasse,  disclosed  the  presence 
of  a  bank  of  gravel  and  sand  from  2.1  to  2.5  metres  (7  to  8  feet)  in  depth, 
lying  on  a  bed  of  clay  whose  npper  surlUce  is  0.85  metre  (33  inches)  below 
the  mean  level  of  the  waters  of  the  lake  at  the  present  time.  The  orienta- 
lion  of  the  stones  and  pebbles  forming  this  bank  indicates  that  it  must 
have  been  deposited  by  a  current  flowing  from  the  southeast  toward  the 
northwest,  and  tbe  chemical  and  mineralogical  composition  of  the  sand 
is  absolutely  identical  with  that  of  the  sand  now  drifted  by  tbe  Arve, 
and  proceeding  from  the  rocks  forming  tbe  chain  of  Mont  Blanc.  There 
can  then  be  no  donbt  that  at  the  era  when  this  deposit  was  formed,  tbe 
Arve  emptied  into  the  Khone,  very  near  its  issue  from  tbe  lake,  and 
within  the  inclosure  of  tbe  present  city,  whereas  the  confluence  is  now 
more  than  a  kilometer  (about  a  mile)  down  stream,  Tbe  existence  of 
this  bank  of  gravel  and  sand,  at  diQerent  points  of  the  plain  of  alln- 
viom,  coirprised  between  the  city  and  the  present  bed  of  the  Arve,  had 
already  been  established  on  several  occasions ;  and  it  might  therefore 
be  conclnded  that  the  direction  of  tbe  carreut  of  the  lower  portion  of 
the  Arve  baa  gradually  changed  in  tbe  coarse  of  centuries,  and  that 
after  flowing  by  the  foot  of  the  bill,  on  which  the  most  ancient  part  of 
tbe  city  is  built,  the  river  empties  into  the  Ehone  at  tbe  foot  of  the  hill 
OD  which  the  forest  of  Batie  is  found.  The  era  to  which  the  deposit  of 
gravel  mentioned  by  M.  Uolladon  dates  back  does  not  appear  to  be  very 
remote,  not  exceeding  twenty  or  thirty  centuries,  as  within  the  interior 
of  these  ancient  strata,  which  have  never  been  touched,  are  found  frag- 
ments of  bricks,  and  even  pieces  of  wrought  iron  very  much  rusted. 
The  fact  that  the  upper  surface  of  tJiis  deposit  is  about  1.5  metres  (5 
feet)  above  the  mean  level  of  the  waters  of  the  lake  at  this  present 
time  is  mentioned  by  M.  Golladon  as  proof  that  this  level  must  have 
been  sensibly  higher  by  at  least  two  metres  (CJ  feet)  at  the  period  of  its 
formation. 

Ur.  F.  Florel  communicated  a  memoir,  inserted  in  No.  205  of  tbe  Ar- 
chives, January,  1ST5,  on  tbe  configuration  of  the  bottom  of  Lake  Ije- 
man,  in  accordance  with  the  four  maps  of  the  topographical  atlas  of 
Switzerland,  published  by  the  Federal  Bureau  of  the  Stafif  Ufflce.  These 
four  maps,  drawn  on  a  scale  of  j^JaiTt  accordiug  to  the  notes  aud  souud- 
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ings  taken  by  the  engineer,  M.  Ph.  Gosset,  inclode  the  Swiss  bank 
of  the  lake,  from  Saiot  Snipice  to  Saiot  Saphorin,  with  the  opposite 
banli  and  the  iutermediaiy  basin,  which  attains  at  this  place  its  greatest 
depth  of  334  metres  (1,000  feet)  below  the  surface.  The  same  nnmberof 
the  Arckitca  contains  a  memoir  of  M,  Ed.  Pictet-Mallet,  read  before  the 
society  duriug  its  session  of  Jannary  7, 1875,  and  relating  to  an  analo- 
gous snbjcct.  M.  Pictet-Mallet  nndertook  the  task  of  representing  on 
a  chart,  projected  on  a  scale  of  ^^771  "■"'^  traced  with  contoar-cnrves 
at  eqaidistant  levels  of  Q  metres,  (Hi  leet)  the  confignration  of  the  bottom 
of  the  lower  part  of  Lake  Leman;  that  is,  the  space  comprised  between 
Coppet,  Hermaoce,  and  Geneva.  The  portion  of  this  work  nearest  the 
city  is  not  yet  completed,  but  it  contains  a  thorough  discussion  of  the 
advantages  and  disadvantages  of  the  different  methods  that  may  he 
followed  in  the  operation  of  soandings,  nnd  quite  singnlar  details  aboaC 
the  inequalities  of  bottom  presented  by  the  lake  in  the  portion  that  baa 
been  explored'. 

M.  Plantamour  gave  a  summary  of  the  observations  relating  to  tbe 
variations  of  tbe  level  of  tbe  lake  during  the  year  1871.  By  the  indica- 
tions of  the  limnimeter  of  the  Jardin  Anglais  (English  Garden),  the 
mean  annual  level  was  within  two  millimetres,  (one  twelfth  of  an  inch), 
the  same  as  that  deduced  from  the  thirty-six  preceding  years,  bnt  with 
a  greater  anuaal  variation  than  asnal,  say  1.69  metres  (67  inches),  instead 
of  1.44  metres  (57  inches).  From  February  to  June,  the  level  was  belov 
tbe  mean:  tbe  absolute  minimum  occurred  on  the  10th  and  11th  of  March, 
and  was  9  centimetres  (4  inches)  below  the  mean  annual  minimnm. 
Per  contra,  from  Joly  to  October,  the  level  was  at>ove  tbe  mean,  and 
tbe  absolnte  mazimam  exceeded  by  16  centimetres  (6  inches)  tbe  mean 
level  of  high  stages  of  water.  The  gauges  established  at  two  other 
points  of  the  canton  of  Geneva,  at  S^cheron  and  Gentbod,  and  at  three 
other  points  on  tbe  Vandois  shore,  Ouchy,  Yevey,  and  Ghillon,  tbe  daily 
readings  of  wbicb  were  transmitted  by  tbe  engineer  of  the  canton  of 
Yaudois,  (M.  Gonio,)  admitted  of  a  comparison  being  made  from  day  ta 
day,  and  from  month  to  month,  of  the  level  of  the  lake  on  the  right  shore 
along  its  entire  length ;  the  zeros  of  all  the  scales  of  the  gauges  having 
been  mode  to  correspond  in  theoperationsofmnningthe  level  of  Switt 
eriand.  By  these  observations  it  is  ascertained  that  tbe  inclination  of 
the  lake  is  almost  insensible  from  its  upper  extremity  to  1^  kilometres  (1 
mile)  above  the  city  of  Geneva,  the  admitted  level  at  S^cheron  being 
doling  tbe  entire  year  within  a  few  millimetres  the  same  as  at  Yevey  aitd 
Cbillon,  and  the  chance  depressions  shown  by  the  deviations  among  the 
beigbfs  observed  on  tbe  same  day  from  one  extremity  to  tbe  other  be- 
ing very  small  and  limited  to  a  few  centimetres.  From  S^heron  to  the 
limnimeter  of  the  Jardin  Anglais,  the  slope  is  very  appreciable,  as  might 
have  been  expected  from  the  existence  of  a  very  sensible  current  in  the 
immediate  vicinity  of  the  city ;  moreover,  the  inclination  varies  with  tlo 
season ;  it  is  very  slight  in  winter,  and  at  the  opening  of  spring,  at  the 
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time  of  lov  water,  and  it  is  from  5  to  C  ceotimetres  (2  incbes)  greater  id 
summet  at  tbe  time  of  bigb  vater.  If  the  level  of  the  water  ia  sensibly 
tbe  same  doriug  the  whole  yeur  at  ObiUon,  Vevey,  and  S^cberou,  tbe 
observations  taken  at  Oachy  sbow  a  level  lower  by  2  centimetres  ( 1  inclij, 
and  at  Oetttbod,  on  tbe  contrary,  higber  by  2  centimetres,  tbe  difference 
remaining  also  sensibly  constant  during  tbe  wbble  year  1874.  Tbe  obser- 
vations taken  in  tbe  three  preceding  years  at  (Jbillon,  Vevey,  and  Ouchy 
GOuBrm  the  constant  depression  of  level  at  tbe  latter  place  relatively  to 
tlie  other  two.  It  woald  appear  difBcnlt  to  attribute  this  anomaly  to 
errors  in  tbe  agreement  of  the  zeros  of  the  different  scales;  yet  new 
meaanres  of  verification  will  bo  taken  to  pat  tbe  fact  itself  beyond  all 
qaestioD. 

M.  Plantamonr,  in  coujnnction  with  Professor  Hirscb,  presented  tbe 
reanlts  of  the  latest  operations  of  leveling;  these  results  are  recorded 
ID  tbe  fifth  number  of  tbe  Topography  of  Switzerland,  published  by  the 
Federal  Geodetic  Commiasion. 

Professor  Thory  presented  a  memoir  on  photometry,  and  on  an  astro- 
nomical photometer  of  his  own  invention  ;  this  memoir  was  inserted  in 
So.2ti2  of  tbe  ArcAivef,  November,  1874.  Professor  Tbury's  photometer  is 
constructed  upon  tbe  system  of  the  extinction  of  the  light  of  a  star,  an 
«xlioction  prodooed  by  the  reduction  of  tbe  aperture  of  tbe  object-glass 
by  tbe  help  of  a  diaphragm,  or  by  the  reflection  of  pencils  of  rays 
by  a  system  of  mirrors.  Tbe  diaphragm  in  this  apparatus  consists  of 
16  tbin  rectangular  plates,  capable  each  of  sliding  in  tbe  direction  of 
its  length  and  in  tbe  direction  of  tiie  center  of  the  object-glass.  By  a 
very  Ingenions  mechanism,  the  movement  of  these  16  plates  is  so  co-ordi- 
nated that  tbeir  small  interior  sides  form  a  regular  polygon,  tbe  diame- 
ter of  which  oan  vary  from  zero  to  tbe  diameter  of  tbe  object-glass.  In 
order  to  prevent  the  ioeonveniences  resnlting  from  felse  disks,  produced 
by  too  great  a  diminution  of  tbe  aperture  of  tbe  objective,  a  diminution 
which  might  be  necessary  to  bring  about  the  extinction  of  a  brilliant 
star,  Professor  Tbary  has  recourse  to  the  interposition  of  one  or  two 
black  mirrors  perfectly  plane,  and  receiving  tbe  incident  ray  at  an  angle 
«f  1£0.  The  extinction  of  tbe  light  can  be  produced  either  by  tbe  dimi- 
nution alone  of  the  aperture  for  a  star  of  moderate  brilliancy,  or  by  tbe 
interposition  of  one  or  two  mirrors,  according  to  tbe  brightness  of  tbe  star, 
and  not  reducing  the  opening  below  0.28  of  the  total  aperture.  In  each  of 
these  three  cases  the  position  of  the  eye-glass  is  of  course  diffierent. 

Professor  Tbury  also  presented  a  memoir  on  the  experiments  he  made 
in  connection  with  Dr.  Minniuh,  relative  to  a  disengagement  of  elcctri- 
«ity  from  the  thermal  wat«ra  of  Baden  (Aargan).  These  experiments, 
which  appeared  la  So.  206  of  the  Arckivet,  January,  1875,  fnrujsh  the 
neaos  of  verifying  tbe  existence  of  a  very  decided  electric  current,  which 
is  revealed  by  the  galvanometer,  when  by  means  of  electrodes  tbe  water 
of  the  Limmat  is  placed  in  communication  with  tbe  thermal  spring,  the 
direction  of  tbe  deviation  indicating  that  tbe  mineral  sgiriDg  is  electrified 


„  Google 


208        QENETi.  SOCIETY  OF  PHYtllCS  AND  NATUBAL  HIBTOBT. 

negativelj.  Pmfessor  Thary  ioUDds  reenmiag  aad  cODtinning  tbea« 
experimeots. 

M.  Soret  read  before  the  Bociety  a  memoir,  iaserted  io  TSo.  19S  of  tbe 
Arekives,  under  date  of  Jaly,  1S74,  od  jiolarizatiou  by  diffasioD  of  light. 
He  described  and  discassed  io  bia  memoir  tbe  experiments  that  bo  mad« 
ou  tbfl  reflecting  power  of  flames  on  tbe  proper  colors  of  bodies,  and  on 
tho  oaoBe  of  the  illumioation  of  transparent  bodies  and  tbe  diffasion  of 
light;  experiments  in  which  he  stadied  a  large  namber  of  crystalline 
snbstances,  sncb  as  quartz,  diamond,  rock-salt,  etc. 

M.  Soret  also  presented  a  memoir  on  tbe  phenomena  of  diffraction 
produced  by  a  circular  grating,  a  paper  inserted  in  April,  1875,  in  Ko. 
208  of  the  Arohivet,  He  gives  tbe  name  of  circular  grating  to  opaqoe 
screens  pierced  by  a  series  of  circular  openings  presentiugthe  form  of  con- 
centric rings.  He  lurthor  indicates  the  metbod  be  took  for  ooDStructiDg 
such  a  gratiog,  and  for  producing  upon  a  glass  plate  of  small  dimeusioos 
a  series  of  ld6  concentric  rings,  allernately  transparent  and  opaque,  tbe 
central  part  being  transparent  in  tbe  positive  grating  and  opaque  in 
the  negative  grating ;  and  tbe  radii  of  the  circles  bonndiug  'these 
rings  increasing  proportionally  to  the  square  roots  of  tbe  series  of  oat 
ural  numbers.  lie  boa  shown  tbat  a  circular  grating  of  this  kind  can 
perform  tbe  office  of  a  non-acbromatic  object-glass;  an  inverted  image 
is  produced  of  a  distant  luminous  oliject,  and  this  image  passes  tbrongli 
tbe  different  colors  of  tbe  spectrum,  according  to  tbe  distance  of  the 
grating. 

M.  U.  Pictet  communicated  tbe  results  of  his  experiments  made  io 
Bgypt  on  the  propagation  of  tbe  calorific  rays  of  tbe  sun  tbrough  difler- 
ent  substances,  sand  among  others.  Be  undertook  to  verify  tbe  idea  ex- 
pressed by  M.  Soret,  that  sand  acts  after  the  manner  of  a  plate  of  glass ; 
that  is  to  say,  it  would  be  found  diatbermanoua  to  luminoas  beat  and 
atbermanous  to  dark  heat,  M,  Pictet  found,  in  fact,  in  the  action  of 
temperature,  more  agreement  of  sand  with  glass  than  with  other  sab- 
stances,  such  as  wood  or  sheet-iron,  even  when  tbe  latter  were  painted 
the  color  of  sand. 

Tbe  same  member  explained  to  the  society  a  new  process  for  the  manu- 
facture, on  a  large  scale,  of  sulphurous  acid,  which  consists  in  pouriuK 
sulphuric  acid,  drop  by  drop,  ou  sulphur,  heated  to  from  300°  to  35V 
G.  (672<3 — 66:^  F.},  in  a  casMrou  retort.  He  stated  some  of  the  proper- 
ties of  the  sulphurous  acid  prepared  in  this  way,  as  well  as  those  of  the 
snl[ibite  of  water,  obtained  by  tbe  addition  of  water  in  a  determintd 
proportion, 

M.  B.  Demole  read  a  work,  inserted  In  No.  204  of  the  Archives,  De- 
cember, 18/4,  on  tbe  question  of  molecular  transpositions  in  the  aromatic 
series.  Taking  up  again  the  experiments  of  ii,  Lantemann  on  the  prod- 
ucts of  tbe  distillation  of  oxysalicylic  acid,  M.  Demole  reached  the  con- 
clusion tbat  the  products  obtained  by  the  latter  were  due  to  the  circam- 
bltiuce  tbat  tbe  oxysalicylic  acid  employed  was  not  pure,  but  contained 
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proto-catechic  acid.  With  pure  oxysalicyHc  acid,  M.  Deoole  obtained 
bydroqaiDioe  and  a  small  qaantity  of  pjrocateclime.  The  formation  of 
these  two  dioxybeozolB  Is  a  curious  fact,  the  theoretical  esplaoatioo  of 
vhich  is  still  rather  obacure. 

The  same  member  commnnicat«d  a  memoir,  published  January,  1S7J>, 
io  yo.  205  of  the  Archivea,  on  tbe  reactioa  of  the  bromide  of  etbyleae 
m  dilated  alcohol,  in  presence  of  the  acetic  ethers  of  glycol.  M.  Demole 
made  BQmeroaa  experiments  for  the  purpose  of  explainiog  the  formation 
of  tbe  products  doe  to  this  reaotioo,  namely,  of  glycol,  bromhydrioe, 
aeetate  of  ethyl,  and  bromide  of  ethylene. 

2.  natural  seiencet. — Prof:  A.  Favre  sabmitted  a  commonicatiou  on 
the  sititade  of  the  glaciers  at  the  Glacial  era,  and  the  height  that  must 
lie  attributed  to  the  summits  of  the  Alps,  if  tbe  slope  of  the  glaciers 
w«re  tbe  same  at  that  time  as  at  the  present  day.  Among  tbe  maps 
of  the  topographical  atUs  of  Switzerland,  execated  by  tbe  Federal 
Biireaa  of  the  Staff  Office,  there  are  some  referring  to  the  Bernese 
Jars,  in  which  ar«  fonnd  represeotAd,  on  tbe  flanks  of  tho  Chasseral, 
erratic  blocks  of  considerable  bulk,  at  altitodes  varying  froni  1,200  to 
1^  metres  (abooC  4,000  feet).  These  blocks  have  drifted  from  the 
moantaios  which  command  the  present  glaciers  of  the  Bhoue,  and  are 
260  kilometres  (102  miles)  distant  from  the  Chasseral.  By  assuming  that 
the  gladers  of  the  glacial  era  had  a  slope  equal  to  the  minimum  slope  of 
the  present  glaciers,  namely,  from  2  per  cent,  to  IJ  per  cent.,  the  result 
vonld  be  a  difference  of  altitude  of  5,200  and  3,900  metres,  (17,000  and 
13,000  feet)  respectively,  between  the  upper  and  lower  part.  From  tbe 
altitade  of  tbe  latter,  which  is  1,300  metres  (4,000  feet),  there  would  re- 
BQlI  6,500  or  a,:!00  metres  (20,000  or  17,000  feet),  for  that  of  the  upper 
part,  or  a  sum  greatly  exceeding  the  height  of  the  Galenstock,  one  of 
the  most  elevated  summits  bordering  on  the  glaciers  of  tbe  Bfaoue,  which 
rises  to  a  height  of  3,G00  metres,  (12,000  feet).  W<>  would  thus  have 
to  admit  that  either  tbe  height  of  the  Alps  at  tbe  Olxcial  era  greatly 
BKceeded  the  present  height,  or  that  tbe  slope  of  the  glaciers  was  con- 
siderably less.  This  last  hypothesis  is  quite  udmissiblti  Irom  tbe  results 
of  the  recent  explorations  of  the  polar  regions,  e^peciiilly  those  of  Green- 
land, but  nothing  forbids  tbe  admission  of  the  combined  actiou  of  both 
canses. 

Professor  Favre  also  presented  a  memoir  on  (be  recession  of  the  gin- 
cier  of  the  Bossods  of  lat«  years,  and  on  tbe  relation  betvreen  Ihv  ud- 
raoce  and  retreat  of  glaciers  and  the  atmospheric  conditioni,  especially 
the  Bummer  temperature.  In  tbe  last  ei^^ht  years,  included  between 
•lily,  1866,  and  June,  1874,  the  glaciers  of  tbe  Bossons  receded  212  uietri-s, 
(696 feet),  and  at  the  tatter  date  it  was  082  [ii«tt«B  (2,2 4U  feet]  in  rear  of  tbe 
point  it  had  reached  io  1818,  the  epoch  of  itsgreuiest  developmt'ntiu  (his 
'^tury.  Jf  within  late  years  the  retrt^at  of  the  glucieiscitn  buexpluiued 
by  tbe  elevation  of  tho  mean  tem|>e[ature,  especially  in  Ibu  suuimer 
moDths,tbeirdevelopu]ent  at  i)o  anterior  period  can  likewise  be  utliibuted 
14  s  , 
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to  the  effect  of  ft  series  of  cold  and  wet  years.  Tbe  series  of  meteorological 
observntioDS  comlucted  at  tlie  foot  of  tbe  Alps,  in  SwitzerlaDd,  do  not 
go  f»r  enough  back  to  enable  us  to  compare  tbe  year  ldl6  and  those 
immediately  preceding  or  followiog  it  with  tbe  tneao  temperatares 
deduced  from  a  great  Doinber  of  years.  M.  Pavre  was  only  able  to  in- 
stitute tbe  comparison  by  the  observations  made  at  the  observatory  of 
Paris  fi'om  tbe  beginning  of  tbe  century ;  these  obserratioos  show  for 
Paris  a  series  of  cold  years  from  ISIO  to  1818,  in  wbicb  the  lowering 
of  the  temperature  was  more  marked  in  the  snnimer  months,  when  the 
thawing  of  the  ice  especially  .takes  place.  If  we  cannot  admit  a  com- 
plete parallelism  between  tbe  conrse  of  tbe  temperature  at  Paris  and  at 
tbe  foot  of  the  Alps,  still  tbe  alternations  of  dry  and  hot  years  and  cold 
and  wet  ones  must  afford  a  certain  analogy,  because  they  are  dne  to  gen- 
eral pbenomena,  embracing  a  considerable  part  of  tbe  surface  of  the 
globe. 

M.  Ernest  Favte  presented  a  summary  of  the  work  he  is  now  pab- 
lishing  Id  tbe  Memoirs  of  the  Helvetic  Society  of  Natural  Sciences,  on 
the  geology  of  the  central  Caucasian  chain;  this  work  is  tbe  result  of  tbe 
exploration  recently  made  of  that  region,  and  is  accompanied  by  a  geolog- 
ical chart  and  nomerons  cuts.  M.  Ernest  Favre  read  a  memoir  on  the  geo- 
logical structure  of  the  sontfaern  part  of  the  Crimea;  among  tbe  other  con- 
clDsions  of  this  work,  M.  Favre  expresses  the  idea  that  the  Crimean  chain 
is  not,  as  was  thought,  a  prolongation  of  the  northern  chain  of  tbe  Caa- 
casus  ;  the  prolongation  of  the  latter  to  the  northwest  connects  with 
the  granitic  zone,  which  reaches  into  Poland  and  into  the  east  of  Europe. 
The  Crimea  is  left,  by  this  prolongation,  to  the  sonth,  and  seems  rather 
to  t>elong  to  the  mountains  of  Turkey  and  Asia  Minor. 

The  same  member  finally  communicated  tbe  results  of  nn  exploration 
recently  made  by  him,  of  a  mountain  of  tbe  VoiroDS,  with  the  view  of 
verifying  the  geological  section  of  that  mountain,  given  by  bis  father  in 
his  work  on  the  geology  of  Savoy,  He  was  enabled  by  this  new  examina- 
tion to  confirm  tbe  perfect  accuracy  of  the  section  as  published. 

Professor  Itenevier  presented  to  the  society  geological  tables,  wbicb 
are  more  especially  intended  for  facilitating  the  teaching  of  geology  and 
the  study  of  the  sedimentary  rocks  during  the  organic  eras  of  tbe  globe. 
These  tables  contain,  under  a  synoptical  form,  all  the  data  relating  to 
the  succession  of  the  rocks,  their  geological  age,  their  area,  and  their 
most  characteristic  fossils. 

Professor  de  Candollo  communicated  the  results  of  hia  experiments 
for  studying  the  manner  in  which  buds  receive  tbe  impression  of  tiie 
heat  that  promotes  their  unfolding;  he  reaches  the  conclusion  that  the 
heat  is  collected  as  well  by  tbe  wood  that  bears  tbe  bud  as  by  the  bod 
itself. 

M.  Diiby  read  a  memoir  on  some  new,  or  but  little  known,  mosses, 
drawn  largly  fn)m  the  Delessert  collection,  and  the  description  of  which 
is  illastrated  by  plates.  Be  discovered  among  these  mosses  a  new  kind, 
altogether  anomaloas,  to  which  he  gave  the  name  of  Hymenocltuton. 
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M.  de  Sanssure,  in  prescntiog  to  tUe  society  the  third  part  of  bis 
studies  of  tbe  Orthoptera,  wbicb  is  devoted  to  the  family  of  the  Oryllida, 
gives  a  few  details  of  the  musical  organ  with  which  the  males  of  this 
family  are  eodowed.  The  singia^  is  produced  by  tbe  iutercrossiog  nod 
very  rapid  friction  of  tbe  two  elytra  agaiust  encb  other.  He  sbowa  tbe 
series  of  transformatioDS  that  the  elytroD  undergoes  m  tbe  male  to  ren- 
der tbe  production  of  a  sound  possible,  whereas  with  the  females  the 
elytron  remaina  in  tbe  normal  state. 

Jl.  Fatio  read  a  memoir  on  tbe  different  development  of  tbo  pectoral 
flos  in  the  two  sexes  among  some  fish  of  tbe  genus  Cyprinus,  which  live 
in  the  vatere  of  our  environs,  especially  among  tbe  miunoivs.  With 
these  fish,  particularly  in  the  rutting  season,  tbe  swelling  and  develop- 
ment of  Bome  of  the  larger  rays  of  tbe  males  have  the  effect  of  expelling 
and  causing  the  disappearance  of  the  smaller  rays,  so  that  their  nnm< 
ber  is  redaced  to  ten,  and  even  to  six  only,  while  in  the  female  tbe  rays 
are  always  very  slender  and  from  fourteen  to  sixteen  in  Dumber. 

The  same  member  commnnicated  a  memoir  on  a  curious  case  of  mela- 
nism, of  Dodose  melanosis,  whicb  is  sometimes  observed  in  flsb  of  the 
genus  Cgpriniu,  and  whicb  is  due  to  tbe  presence  of  a  small  parasite 
which  M.  Humbert  recognized  as  a  helminth.  These  two  memoirs 
were  published  in  No.  205  of  tbe  Ardiives,  of  January,  1875. 

Dr.  Fol  presented  a  summary  of  researches  made  by  himself,  on  the 
development  of  tbe  egg  of  the  Medusa  and  the  Pteropodons  Slollaska, 
during  bis  stay  at  Messina;  be  studied  particularly  tbe  mode  of  formation 
of  tbe  egg-sbell  of  the  latter. 

Tbe  same  member  communicated  tbe  principal  results  of  tbe  inresti- 
gations  to  whicb  be  had  been  devoting  himself  for  some  years,  into  the 
development  of  the  nervous  system  and  tbe  sexual  organs  of  theMol- 
iaeks.  31.  Fol  studied  in  the  embryos  of  Fteropods  (which  more  par- 
ticularly favor  these  researches),  the  mode  of  formatiou  of  the  nervous 
system,  as  well  as  the  organs  of  bearing  and  sight.  Finally,  M.  Fol  com* 
manicated  the  results  of  some  observations  made  by  him  at  Messina, 
apoa  tbe  origin  of  the  generative  organs,  male  and  female.  These  in- 
vestigations led  him  to  adopt  tbe  views  of  M.  Ed.  Van  Beneden  on 
this  subject. 

Dr.  Provost  presented  tbe  results  of  some  experiments  be  recently 
made  on  the  physiological  properties  of  the  Juborendi.  The  eJ&cts  pro- 
duced by  an  infusion  of  this  plant  are  quite  similar  to  those  produced 
by  the  muscarine,  consisting  in  a  powerful  salivation,  and  in  a  general 
way  in  an  exaggerated  secretion  of  all  the  glands  except  tbe  kidneys. 
Atropine  may  be  considered  as  antagonistic  to  this  new  substance,  as 
well  as  to  the  muscarine ;  it  can,  in  fact,  be  employed  to  arrest  the  sali- 
vation produced  by  the  two  other  poisons. 

Independently  of  these  memoirs  read  before  the  society,  a  large  num- 
ber of  different  communications  were  made,  and  reports  of  discoveries. 
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andlabora  abroad.  Id  thisnay,  Professor  GantiercoDtioQcd  to  keep  the 
society  informed  of  the  progress  iu  astronomy,  and  in  the  physics  of  the 
globe,  by  commaDications  on  varioos  sabjccta,  SDCb  as  the  itreparations 
for  the  observation  of  the  transit  of  VeDas  by  the  English  expedition, 
from  the  Annual  BeporCof  the  Royal  Astronomer;  observations  made 
at  the  Boman  College  on  magnetic  variations  and  their  relations  nith 
the  maxima  and  minima  of  solar  spots;  appearance  of  (he  belts  of  Jnpi- 
ter,  from  a  memoir  published  in  tbe  Monthly  Koticet;  a  new  theory  of  the 
anrora-borealjs,  from  a  memoir  by  M.  Qionemann,  inserted  in  the  Attn- 
nomitche  Nachrinhten;  a  memoir  of  M.  Montigny  on  Bcintillation;  tbe 
orbit  of  Coggia's  comet  and  the  phenomena  presented  by  it  during  its 
apparition;  tbe  present  state  of  our  knowledge  of  tbe  small  planets; 
finally,  tbe  work  of  P6re  Bosa  on  the  variableuesa  of  tbe  solar  diameter. 
The  same  member,  wbile  announcing  to  tbe  society  the  deaths  of  tbe  as- 
tronomers Argelander  and  MSdler,  gave  a  sketch  of  tbe  character  and 
works  of  these  scientists. 

M.  Soret  gave  a  description  of  a  new  thermometer  inveDted  by  Ke- 
grettiin  London,  formeasnring  tbetemperatnreofwater  at  great  depths, 
without  having  recourse  to  tbe  index ;  the  same  apparatus,  placed  in 
commonication  vith  aa  electric  current,  which  reversed  it  at  a  deter- 
mined instant,  might  serve  to  record  the  temperature,  without  neces- 
sitating a  direct  reading  at  tbe  same  moment.  M.  Flantamonr  has  sent 
for  one  of  these  iDstrnmentB,  with  which  he  proposes  to  measure  tbe  tem- 
perature of  tbe  lake  at  different  depths. 

Professor  Wartmann  presented  a  risumi  of  M.  Jamin's  metboti  for 
the  study  of  magnetism,  audol  some  of  the  results  obtained.  M.  li.  Pic- 
tet  gave  some  details  of  tbe  exceptionally  great  rise  of  thelfile  in  1874. 
The  same  member  described  Boulanger's  teleometer. 

Professor  Marignac  gave  an  account  of  a  work  by  Dr.  Wagner  on  the 
antiseptic  properties  of  salycilic  acid. 

M.  E.  Ador  presented  to  the  society  a  glass  jar  containing  meat  pre- 
served for  nearly  two  months  byM.de  Htrzeu's  process;  this  meat  was 
as  fresh  as  on  tbe  first  day,  and  had  undergone  no  change. 

Prof.  A.  Favre  gave  an  account  of  a  work  by  M.  Zittel  on  tbe  glacial 
terrain  of  the  south  of  Bavaria. 

M.  E.  Favre  mentioned  a  work  on  comparative  gcologj'  by  M.  Stan- 
islas Meauier,  nud  a  work  by  M.  Stoppnni  on  the  glacial  terrains  of 
the  southern  slopes  of  the  Alps.  The  sume  member  made  a  communi- 
cation on  some  implements  he  had  seen  at  Basle,  at  the  residence  of 
M.  KuMmeyer,  and  which  were  found  in  Ibe  lignites  of  Wetzikou.  These 
implements  give  evidence  of  the  presence  of  men  in  Switzerland  before 
tbe  second  Gladul  period. 

Professor  Candolle,  when  i)reeentiiig  to  the  society  bis  notice  of  M. 
AleiKucr,  accompanied  it  with  some  details  relative  to  the  botanist  of 
Busle.  The  same  member  guve  a  recapitulation  of  Mr.  Asa  Gray's  work 
on  the  natural  extinction  of  varieties  of  IVuit-trees,  and  also  tbe  results 
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obtained  from  the  restoratioa  of  the  growth  of  trees  to  the  Island  of 
Aeceosiou,  fktm  aa  article  by  Mr.  Bell,  ioBcrted  io  the  Gardener's  Chron* 
icie. 

M.  Micbeli  presented  a  branch  of  the  genua  Fictia  repena  bearing  fVnjt, 
which  is  remarkable  from  an  extraordinary  transformation  of  the  leaves. 
The  same  member  gnre  some  details  of  the  flora  of  the  central  and  north- 
ern conntry  of  the  Argentine  Republic,  from  collections  made  by  M.  Lo- 
reoz,  and  described  by  M.  Oriesebad. 

M.  Ph.  PlaDtamonr  invited  the  members  of  the  society,  or  those  whom 
it  might  interest,  to  bis  residence,  to  -see  two  plants  of  Armoplioptaiet 
Bitieri,  just  ready  to  bloom. 

M.  A.  Hombert  pointed  ont  a  peculiar  change  in  the  lenses  of  the  micro- 
scope, which  he  attributed  to  algte  attached  to  the  glass,  and  prodaced 
by  bamidity.  The  same  member  described  a  work  by  M.  Gerstaecker 
OD  tbe  respiratory  organs  of  certain  insects,  and  of  a  memoir  of  M.  Zel- 
ler  on  the  developmeDt  of  the  larvte  of  intestinal  worms. 

Dr.  Lombard  made  a  commnnication  relative  to  tbe  accidents  in  tbe 
last  ascension  of  tbe  balloon,  the  Zenith.  He  dwelt  npon  the  conse- 
qnences  of  the  diminntion  of  tbe  quantity  of  oxygen  contained  in  a  litre 
of  air  at  a  great  height,  and  on  the  internal  and  external  peripheric 
motions  prodnced  by  a  too  rapid  ascension. 

J>r.  Provost  presented  a  rievm4  of  the  researches  recently  made  on 
apomorphine,  and  the  efifeot  prodnced  by  this  substance  on  different 
animals.  Tbe  same  member  sammed  op  the  most  recent  observations 
on  tbe  hypnotic  action  of  hydrate  of  chloral,  the  nse  of  which  may  be  re- 
garded as  dangerous  to  man,  bat  which  is  capable  of  rendering  great 
service  in  experiments  by  vivisection  of  animals. 
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REPORT  ON  THE  TRANSACTIONS  OF  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1876,  TO 
JUNE,  1876. 


Br  Dr.  J.  MCllbr,  Pr«>ident. 
TraoBlnted  for  the  SmithsonifiD  InstitiitioD  b;  M.  L.  Dnnoao. 


I.— MATTEBS  BELATING  TO  THE  HB3fBBRBHIP,  THE  PROCEEDINGS,  AKD 
THE  PUBLICATIONS  OF  THE  SOOIETY. 

Our  society  has  experienced  this  year  a  great  loss  in  the  death  of 
General  Dafonr,  who  was  bom  in  Constance,  September  15, 1787,  and 
died  in  Genera,  Jaly  14, 1875,  Switzerland  loses  in  him  ooe  of  its  most 
popnlar  and  beloved  sons  and  most  illustrions  citizens.  After  the  pub- 
lication  of  the  biograpliical  sketches  in  the  Journal  d«  6en^e,  there 
appeared  a  history  of  his  life,  a  life  in  every  reject  complete,  ami 
marked  by  patriotism,  disinterestedness,  and  general  usefulness  to  his 
coQDtry.  This  biography,  besides  giving  a  sketch  of  the  war  of  the 
Souderlmud,  describes  the  brilliant  career  of  the  soldier,  the  classic 
reports  of  the  general,  and  the  conscientions  labors  of  the  scientist, 
whose  military  chart  of  Switzerlaud,  requiring  thirty-one  years  for 
its  execution,  is  a  masterpiece  of  successful  perseverance ;  it  likewise 
sttites  the  active  part  taken  by  the  general  in  political,  legislative,  and 
administrative  affairs,  both  federal  and  cantonal,  as  well  as  his  indefati- 
gable activity  in  military,  scientific,  artistic,  and  philanthropic  societies. 
These  publications,  of  coarse,  render  it  unnecessary  for  me  to  enter  into 
more  general  details. 

Our  society,  of  which  the  general  had  been  a  member  since  1819,  and 
to  which  he  had  contributed  articles  on  the  strength  of  iron  wire,  on  the 
determination  of  the  astronomical  co-ordinates  of  Berne,  and  the  higb 
waters  of  the  lake,  published  in  volumes  ii,  ix,  and  x  of  our  memoirs, 
has  lost  in  him  one  of  its  most  zealous  members,  who  took  a  warm 
interest  in  its  labors,  and  atteuded  its  meetings  with  military  regularity 
and  punctuality.  The  energy,  kindliness,  and  nprigbtness,  so  faitb- 
fally  reflected  in  every  feature,  and  his  uniform  politeness,  created  in  all 
a  feeling  of  respect  and  affection  never  to  be  effaced. 

Our  society  must  also  deplore  the  loss  of  two  honorary  members,  M. 
Adolphe  Brongniart,  professor  of  botany,  and  one  of  the  directors  of 
the  Alusenm  of  Natural  History  of  Paris,  and  BI.  Ob.  Desmoulins,  of  Bor- 
deaux. 

As  to  our  publications,  the  first  part  of  volume  xxiv  of  our  memoirs, 
a  large  balf-volame  of  fifty  printed  leaves  and  twenty-eight  plates,  is 
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pablbhed,  and  contaiDS  the  paleontological  and  geological  monograph 
of  the  upper  strata  of  the  Jurassic  formation  of  the  euvirons  of  Boulogue- 
Bor-Mer,  by  MM.  de  Loriol  and  Pellat,  and  the  selection  of  new  and 
bat  Blightly  known  mosses  by  M.  Bnby.  The  second  part  of  Tolnme 
xxir,  and  also  the  first  part  of  volume  zzv,  are  both  in  preparation 
for  the  press,  in  the  first  of  which  is  a  memoir  by  Professor  Plantamour 
on  the  climate  of  Greece,  and  in  the  secoud  a  worli  by  M.  H.  de  Saussure 
on  the  Oryllida. 

II. — MEH0IB3  COMMUNICiTED  TO  THE  SOCIETY. 

1, — Astronomy  and  meteorology— Pkygieal  geography.— Frofessot  Plan- 
tamoar  gave  an  account  to  the  society  of  a  memoir  which  he  published, 
with  Professor  Hirsch  as  collaborator,  on  the  determination  of  tbe  differ- 
ence of  longitude  between  the  Simplon,  Milan,  and  Nenchatel.  During 
this  work,  be  ascertained  that  the  Swiss  telegraphic  lines  are  not  as  well 
insulated  as  the  foreign  lines,  a  circumstance  that  considerably  reduces 
the  Telocity  of  the  electric  curreut,  owing  to  tbe  retanlation  of  attraction 
of  tbe  armatures.  Allowing  for  tbe  changes  of  position  that  the  axis  of 
the  instrument  undergoes  from  a  unilateral  dilatation,  caused  by  tbe 
presence  of  the  body  of  tbe  obnerrer,  and  tbe  correctioos  required  by 
personal  eqnations,  those  of  tbe  four  observers,  MM.  Plantamour  at  tbe 
Simplon,  Celloria  at  Milan,  and  Qirsch  and  Schmidt  at  Nenchatel,  tbe 
following  differences  were  established : 

Between  Milan  and  tbe  Simplon 4'  39".238 

Between  the  Simplon  and  Neucbatel 4'  10",824 

Between  Milan  and  Neucbatel 8'  56".0fi2 

Tbe  same  memlter  ultm  submitted  to  the  society  a  summary  of  his 
obeervatiouB  on  tbe  climate  of  Geneva.  He  found  by  examining  tbe 
mean  temperatures  for  tbe  last  fifteen  years  tbnt  they  were  higher  than 
those  of  the  thirty-five  preceding  years,  so  that  tbe  mean  actually  eetab- 
liebed  for  a  series  of  fifty  years  must  be  increased  by  nearly  0°.2.  C.  (0°.3 
F.).  For  every  mouth  of  tbe  last  fifteen  years,  tbe  mean  temimrature  was 
higher  than  tbe  meun  temperature  deduced  from  the  previous  thirty-five 
years,  with  the  exception  of  the  month  of  December,  iu  which  it  was 
0O.2  O.  (0O.3  F.)  lower.  The  greatest  increase  was  lo.23  C.  (20.2l  P.),  and 
occurred  in  tbe  month  of  September.  The  mean  temperatures  of  the 
whole  series  of  fifty  years  furnish  the  following  results:  January, 
—  00.079  C.  (310.85  F.);  February,  -f  10.598  C.  {35©  F.);  March, 
-4- 40.507  0.  (40O.274  F.) ;  April,  +  80.967  0.  (480.14F.) ;  May,  +  13'^.107 
0.  (550.75  F.) }  June,  +  16°.809  C.  (64°  05  F. ;  July,  +  18O.807  C.  {GiP.S5 
F.);  August, +  170.010  0.(640.24  F.);  September,  +  14°-659  0.  (a8o.3S 
F.)  J  October,  +  "90.879  G.  {490.78  F.) ;  November,  +  40.552  C.  (40O.194 
F.);  December,  —  O0.8O  C.  (30O.56  F.). 

U.  Plantamour,  on  the  other  baud,  made  an  examination  of  bis  obser- 
vationa  by  dividing  tbe  year  into  soventy-tbree  series  of  five  days  (the 
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pentndes  of  Frofossor  Dove)  in  order  the  better  to  detect  tbe  variatioDS 
of  the  elemeuta  which  had  t'lirDisbed  tbe  moDthly  mean  temperatares, 
and  to  flscertaiu  whether  tbe  meteorological  theory  b.v  virtue  of  which 
M.  Ub.  Saiute-Glaire  Uevilte  admitted  the  more  or  less  regular  retort)  of 
auomalous  coUI  spells  tit  certain  periods  of  the  year,  had  or  had  not  any 
foundation  iu  fact.  Tbe  plotted  means  of  these  pentades  [or  five-day 
periods)  naturally  gives  a  more  iinduli^tory  line  than  tbe  regular  theo- 
relical  curve  of  the  monthly  means,  and  if  there  existed  anomalous  canses 
at  certain  fixed  epochs,  we  should  find  tbe  duration  proper  to  each  of 
those  ei>oeb8  traced  in  a  manner  altogether  more  decided  in  proi>ortion 
as  the  observations  are  extended  over  a  greater  number  of  years.  Now, 
M.  Plantamour  found  that  the  very  reverse  was  the  case,  and  the  carve 
of  the  mean  temperatures  of  the  pentodes  of  the  fifty  years  approaches 
more  nearly  tbe  regular  theoretic  curve  thau  that  which  had  been  cal- 
culated for  the  first  forty  years  only.  The  annual  mean  for  the  last  fifty 
years  is  90.345  C.  (430.821  F.).  The  warmest  year  of  the  series,  1834, 
had  a  mean  temperature  of  1(P.99  C.  (510.73  F.);  tbe  coldest,  1S.51,  one 
of  70.85  C.  (460.13  F.).  The  period  from  1826  to  1834  contains  seven 
warm  and  two  cold  years;  that  from  1835  to  1860  gives  twenty-two  cold 
and  only  fonr  warm  years;  and  in  the  last  fifteen  years  there  have  been 
thirteen  wnrm  and  two  cold.  But  there  is  uo  regularity  in  these  varia- 
tions, which,  contrary  to  the  ideas  of  certain  meteorologists,  afford 
nothing  which  substantiates  any  coincidence  between  them  and  the 
periods  of  eleven  years  which  have  been  observed  for  the  epochs  of  tbe 
minima  and  maxima  of  the  solar  spots. 

Professor  Gautier  read  a  second  account  of  the  meteorological  observa- 
tions made  at  Labrador,  at  five  different  stations,  by  the  Moravian  mis- 
sionaries. That  of  Hoffentbal  gives  the  mean  t«mperature  of  five  years, 
from  1869  to  1873,  at  —  3O.03  C.  (260.55  F.),  while  the  annual  mean  tem- 
perature of  Edinburgh  is  +  8o.4  C.  {46.47  F.),  The  winter  and  spring 
are  very  cold,  while  the  summer  and  autamn  are  relatively  mild.  The 
mean  dinrnal  variation,  which  is  4^.45  G.  (8<^.01  F.),  attains  at  times  to 
1239  G.  (39°.6  F.).  The  extreme  temperatures  observed  at  the  station  of 
Roma  were,  on  the  3d  of  February,  1873,  —  35°  C.  (—31°  F.),  and  Aagust 
21,  +  24^^  C.  (75^.2  F.).  Tbe  greatest  number  of  auroras  observed  there 
occurs  in  tbe  months  of  January  and  February. 

Professor  Colladou  read  to  ns  a  work,  which  will  be  published  id  our 
memoirs,  upon  tbe  great  bail-storms,  one  of  which  devastated  the  canton 
of  Geneva  on  the  7tb  and  8th  of  Jnly  of  the  past  year,  and  the  other 
Savoy  and  Bas-Valois,  twelve  hours  afterward,  and  which  coincided 
with  violent  storms  between  Lucerne  and  Zurich,  and  with  another  in 
Ard&cbe.  The  storms  moved  at  a  velocity  of  50  kilometres  (31  miles)  per 
hour  and  the  height  of  the  hail-cloud  was  determined  to  be  2,000  metres 
(6,600  feet).    M.  Oolladon  recognized  four  different  types  of  hail-stones. 

The  same  member  communicated  an  article  upon  tbe  effect  of  a  thun- 
der-trait on  the  trunks  of  two  Lombardy  poplars  of  different  dimensions 
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oD  tbe  plain  of  Ejnard  near  BoUe.  From  the  differeDt  details  ohserred 
aod  tbe  topographical  position  of  tlie  poplars,  M.  Colladon  concludes : 
1st,  tliat  tbe  poplar  ia  more  like);  to  be  struck  tlian  other  trees;  2d,  that 
when  several  poplars  are  standing  in  a  group  or  in  a  row,  the  oue  near- 
est to  water  is  the  first  struck,  and  this  fact  may  be  made  avuilable  in 
discovering  springs;  3d,  tbe  upper  part  of  the  poplar  alna.va  remains 
intact,  because  its  branches  are  good  conductors  of  the  electricity ;  4tb, 
tbe  lightning  passes  between  the  sap-wood  and  the  old  wood,  and  escapes 
near  tbe  foot  of  the  tree,  laterally,  by  passing  throngb  the  sap-wood  leav- 
ing great  spots  aroand  the  boles  through  which  it  has  passed. 

Professor  Forel,  of  Morges,  anoouuced  to  the  society  the  first  results  of 
bis  observatioua  of  tbe  seiehea  (variations  of  level),  made  at  Morges  by 
means  of  a  recording  limuimeter.  Tbe  lake  here  presents  longitudinal 
and  transverse  teiches,  according  as  the  periodic  undulations  follow  the 
great  or  small  axis  of  tbe  lake.  The  normal  aeichea  of  Morges  have  a  dura- 
tion of  ten  minutes,  whatever  tbeir  amplitude  may  be.  There  are  other 
wicAm,  less  frequent,  at  Morges,  having  adnrntion  of  70  minatesaDd  of  less 
amplitude, notezceedingonecentimetre (four-tenths  of anincb).  M. Forel, 
by  comparing  these  with  those  of  Lake  Constance  and  Lake  Neocbatel, 
thinks  that  those  of  70  miuntes'  duration  are  to  be  considered  as  longi- 
tadinal.  Others,  observed  at  Yeytaox  and  Obillon,  and  which  he  acci- 
dentally recognized  at  Morges  and  £vian,  whose  duration  is  about  35 
minutes,  might  be  the  longitudinal  aeieiea  of  the  large  lake,  oscillating 
fcom  Ohillou  to  the  bar  of  Promenthon,  and  vice  versa;  those  observed 
at  Geneva  of  a  duration  of  30  minntea  are  probably  the  seiches  peculiar  to 
the  small  lake  oscillating  between  tbe  port  of  Geneva  and  the  limit  of 
the  large  lake;  and,  finally,  the  ordinary  seiches  of  Morges  and  l^vian,  of 
10  minutes'  duration,  are  tbe  transverse  seiches  of  Lake  Lcman.  The 
register  indicates  tbe  passage  of  a  steam  boat,  20  minutes  in  advance,  by 
waves  of  three-qnarters  to  one  minute  in  duration,  and  these  waves,  after 
the  passage  of  the  boat,  continue  to  repeat  themselves  for  an  hoar  and 
ft  half  at  intervals  of  from  one  to  two  minutes. 

2.  Phgsies  and  meehanica, — Professor  Soret  communicated  to  tbe  society 
tbe  result  of  his  study  of  tbe  phenomena  of  diffraction  in  the  circular 
gratings  examined  by  him  in  the  ai>ecial  case  of  equidistant  circles.  This 
result  presents  same  analogy  with  those  considered  in  a  commanicatiou 
of  tbe  previous  year.  They  produce  a  powerful  concentration  of  tbe 
laniinons  rays  along  the  whole  length  of  tbeir  axis,  and  are  capable  of 
giving  images  of  objects  quite  similar  to  those  obtained  through  small 
boles. 

The  same  member,in  making  a  communioation  on  haloe,  and  especially 
on  parahelia  by  refiection  in  crystals  of  ice,  adverted  to  the  fact  that 
Bravais  had  considered  two  cases  only,  the  prism  with  an  elongated 
hexagonal  base,  and  the  star  or  regular  hexagonal  prism  with  re-enter- 
ing angles.  M.  Soret  added  two  new  cases  of  parahelias,  the  prism  of 
icicles  with  six  regular  sides,  and  prisms  with  elongated  base,  in  whick 
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the  coarsti  of  tbe  rnys  ia  different  from  that  wbich  had  been  iodicated 
by  Bravnis. 

MM.  Soret  and  Sarasin  bave  made  a  summary  of  their  work,  iaserted 
JQ  the  Archives  de  la  Bibliothique  Vniverselle,  No.  215,  p.  253,  on  the 
rotatory  power  of  qnartz.  The  employmect  of  the  spectroscope,  with 
the  fluoresceot  eyeglass  devised  by  M.  Soret,  admits  of  tbe  extension 
of  these  limits  to  the  nUra-violet  part  of  tbe  apeotram  as  far  as  tbe 
line  N ;  and  by  the  ioterpositioD  of  a  plate  of  cobalt-blce  gloss,  wbl<^ 
arrests  the  mean  red  and  orange  rays,  they  succeeded  in  clearly  dis- 
tinguishing the  lines  a  and  A,  by  wbich  they  were  then  able  to  measare 
the  rotatory  power  of  quartz.  These  researches  complete,  as  regards 
the  extreme  red  and  ultra-violet,  tbe  results  obtained  by  Bloch  and 
Stefan. 

Mr.  N.  Lockyer,  of  London,  an  honorary  member  of  onr  society,  did 
tie  tbe  honor  of  presenting  tbe  principal  results  of  his  researches 
in  spectral  analysis.  This  scientist  mentioned  the  different  spectral 
methods,  the  distinction  wbich  he  established  between  the  short  and 
long  lines  of  the  spectra,  tbe  different  conditions  in  wbich  tbe  vapors  of 
bodies  may  be  found,  the  modifications  that  the  atomic  grouping  of  those 
bodies  may  undergo,  and  the  effects  in  the  spectrum  by  which  these 
modifications  manifest  themselves. 

M.  Kaoul  Pictet  placed  before  us  a  communication  on  the  application 
of  tbe  mecbnuiciil  theory  of  beat  to  the  study  of  volatile  liquids,  and 
tbe  simple  relations  existing  between  latent  lieiit,  atomic  weights,  and 
tbe  tension  of  vapors.  There  results  from  this  wort,  wbich  was  inserted 
in  the  Archivet  de  la  BibliotMque  Univergelle,  No.  217,  p.  66,  Ist,  that  all 
liquids  bave  tlie  same  cohesion ;  2d,  that  the  derivative  of  tbe  ^aperinn 
logarithm  of  the  quotient  of  the  tensions  in  relation  to  the  temperatures 
is  constant  for  all  liquids  at  tbe  same  pressure  and  temperature;  3cl, 
that  the  latent  heat  of  all  liquids  under  the  same  pressure  multiplied  by 
their  atomic  weights  at  the  same  temperature  gives  a  constant  product; 
4tb,  that  for  all  liquids  tbe  difference  of  the  internal  latent  heat  at  aiy 
two  temperatures  whatsoever  multiplied  by  the  atomic  weight  is  a  con 
stant  number;  Sth,  that  the  latent  heats  of  all  liquids  are  multiples  ot 
their  speciHc  heats. 

Professor  Wartmann  presented  to  the  society  varions  models  of 
Crookt's  radiometer,  mancfiictured  at  Bonn  by  M.  Geissler.  The  radis- 
tions  from  a  InmiDoua  source  act  upon  the  wheel,  and  repel  the  blackened 
faces,  Kevertheless,  by  covering  the  latter,  M,  Wartmann  showed  that 
the  rays  from  the  snn,  or  from  sources  of  high  temperature,  repel  also 
tbe  white  faces.  The  interposition  of  colored  glasses  diminishes  more 
or  less  the  rapidity  of  the  motion,  wbich  continues  very  rapid  in  the 
locus  of  a  lens  of  sulpburet  of  carbon  saturated  with  iodine.  By  acting 
upon  one  paddle  only,  M.  Wartmann  found  that  it  remaiued  in  astateof 
equilibrium  when  the  intensity  of  tbe  radiation  concentrated  on  the 
klack  face  and  tbe  opposite  white  face  ia  in  inverse  ratio  to  tbe  absorb- 
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iog  power  of  tbose  iaces.  Light  ia  not  tlie  cnnse  of  the  pbenomeuon  of 
the  Totatiou  of  the  wheel.  This  onr  colleagae  demonstrated  by  coDceu- 
trating  on  the  blacic  face  of  the  disli  of  an  extremely  sensitive  radiometer 
the  light  of  the  full  mooo  passing  over  the  meridian.  It  a  large  lens  or 
a  ooncave  mirror  0.S5  metre  (2  feet)  in  diameter  is  employed,  tbe  intense 
light  of  tbe  focus  renders  the  paddle  motionless.  The  phenomenon  bas 
therefore  a  oalorific  origin.  M.  WartmaoD  also  reported  an  experiment 
doe  to  Dr.  Schaster,  according  to  which,  when  tbe  motion  of  the  wheel 
is  impeded,  it  is  the  envelope  of  tbe  radiometer,  delicately  snapeuded, 
that  tends  to  torn  in  an  opposite  direction.  There  is  therefore  a  mechan- 
ical reaction.  Finally,  M.  Wartmann  dwelt  npon  tbe  fact  that  the  degree 
of  vacaom  exerts  a  very  sensible  ioflueuce  on  tbe  rate  of  each  instru- 
mrat  nnder  experiment.  With  tbe  same  radiometer,  this  vacuum  does 
not  appear  to  preserve  tbe  same  value  after  the  energetic  action  of  the 
caloriflo  sources. 

U.  Th.  Tarrettioi  submitted  a  communication  on  the  different  boring 
implements  employed  in  tunneling  St.  Gothard,  and  explained  the 
various  apparatus,  with  working  plans.  The  drill  invented  by  him- 
self, and  bearing  bis  name,  is  distinguished  from  others  in  two  essential 
points:  1st.  The  system  of  air-distribution,  effected  by  the  reciprocat- 
ing motion  of  the  piston,  which  is  produced  by  an  arrangement  of  tbe 
piston  and  piston-rod  in  two  separate  pieces,  and  by  tbe  assistauce 
of  a  system  of  differential  pistons;  2d.  Tbe  automatic  advance  and 
recoil  of  the  machine  is  effected  by  utilizing  the  action  of  compressed 
air  open  tbe  percussion  cylinder,  in  order  to  produce  tbe  tightening  and 
loosening  of  tbe  apparatus,  which  permits  or  stops  that  advance  by  tbe 
position  itself  occapied  by  tbe  pistou-rod.  This  machine  makes  600 
strokes  per  minute. 

3.  ChemUiry. — Professor  Marignacgaveto  the  society  an  account  of  his 
researches,  published  in  theArehiv€8,'!So.  218,  p.  113,  on  the  specillo  heat  of 
saline  solotlona.  The  specific  heat  depends  on  the  uature  of  the  acids  and 
tbe  bases  of  tbe  salta,  and  alsoonother  circumstances,  which  do  not  seem 
connected  with  the  greater  or  less  tendency  of  salts  to  combine  with  water 
to  form  definite  and  crystallizable  hydrates.  It  is  much  less  in  general 
than  the  sum  of  the  specific  beat  of  the  separate  elements  of  the  saliue  solu- 
tions; but  the  greater  part  of  tbe  acetates  and  acetic  acid  dissolved  in 
water  present  tbe  reverse.  >I.  Marignac  is  of  the  opinion  that  tbe  diminu- 
tion of  the  specific  heat  of  solutions  is  due  to  tbe  disengagement  of  beat, 
resulting  from  a  dissociation  of  the  definite  hydrates  contained  in  tbem. 
This  does  not  occur  among  alloys,  because  they  cannot  undergo  disso- 
ciation so  long  as  they  are  below  their  point  of  fusion. 

li.  Ador  gave  a  statement  of  the  research  which  he  carried  out  iu  con- 
neetioa  with  M.  Albert  Billiet,  an  the  constitntion  of  benzine.  This 
investigation,  with  its  numerous  details,  was  inserted  in  the  Archives, 
So.  219,  p.  263. 

H.  Bngtoe  Demote  made  acommunicatioo  on  the  compound  C*  H*  I O, 
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vbich  ia  formed  by  the  action  of  ethylene  opon  aa  alcoholic- sototion 
of  iodine  heated  toa  temperatare  of  05^  0.  (149°  F.)  This  compoand  had 
been  regarded  by  M.  liaunistark  as  a  derivative  of  ethyledine,  and  as 
being  possibly  a  singular  instance  of  transposition.  M.Demole  andertook 
the  syntbesis  of  this  substance,  muking  glycol  his  starting-point.  The 
sobstances  be  employed  were  all  prepared  at  low  temtwratures.  They 
were  glycol,  iodinated  glycol,  nionethylic  glycol,  and  iodethylic  glycol. 
Kow  this  last  agrees  in  its  properties,  its  formula,  aud  its  Tapor-denHtj 
with  tlie  said  compound  in  such  a  inauner  that  we  are  forced  to  consider 
the  hitter  a  derivative  of  ethylene. 

i.  Oeology. — Professor  Farre  presented  (o  the  society  liis  chart  of  the 
Swiss  glaciers  of  the  Glacial  period,  projected  on  the  scale  of  Tjin- 
This  beantifnl  chart  shows,  1st,  the  nhit  (partially  congealed  snow); 
2d,  the  true  glaciers  of  the  Bhone,  the  Aar,  the  Keuss,  the  Linth,  anil 
theKhinej  aud,  3d,  the  glacial  terrain  or  glacial  clays  and  sediments,  tbe 
moraines,  and  erratic  blocks.  M.  Fnvre  designates  as  glacier  r^ervoir 
(glacial  basin)  the  zone  of  the  »^4g  occupying  the  high  valleys,  aod 
ffiacier  ^^oulement  (flowing  glacier)  the  zone  of  glaciers  property  so 
called  eiitending  along  the  plains.  As  to  the  glaciers  of  the  Ithone  and 
the  Khine,  the  extent  of  the  glacier  rfyervoir  was  found  equal  to  that  of 
the  dowJDg  glacier.  In  addition,  M.  Favre  deduced  the  depth  of  th« 
glaciers  from  the  position  of  the  most  elevated  of  the  erratic  blocks. 

5.  Botany. — We  were  presented  by  M.  C.  de  Candolle  with  the  resalt 
of  his  anatomical  And  physiological  researches  ou  the  Dionan  musctpuia, 
which  led  him  to  admit  that  here  also,  as  among  sensitive  plants,  the 
movement  of  the  valves  of  the  leaf  is  caused  by  the  known  phenomena  of 
tnrgescence.  It  is  only  by  the  touch  of  one  of  the  three  hairs  that  the 
movementof  the  two  demi-limbs  is  produced  ahont  the  middle  rib;  for 
if  the  surface  of  the  leaf  is  touched,  the  two  valves  do  not  close  at  all. 
It  was  therefore  in  the  structure  of  the  costa,  aud  especially  in  that  of 
the  hairs,  that  M.  C.  de  Candolle  sought  and  found  the  details  of  cellnlar 
organization,  which  enabled  him  to  refer  the  phenomena  to  the  effects  of 
tnrgescence.  This  work,  accompanied  by  two  plates,  was  inserted  in 
the  Archives,  No.  220,  p.  400. 

6.  ZoiiUtgy. — Br.  Fol  commanicated  to  the  society  the  principal  results 
of  his  investigations  into  the  nutrition,  the  mode  of  reprodaction,  and 
the  means  of  locomotion  of  the  Tuuicates.  These  marine  aniinals  take 
nourishment  by  means  of  a  thick  and  glutinous  saliva.  Their  repro- 
duction is  complicated,  for  it  is  not  until  the  third  generation  that  tiie 
mother-form  exactly  reappears.  The  central  style  bears  two  kinds  of 
buds :  the  central,  attached  directly  to  the  axis,  perform  the  functions  of 
procreation  and  locomotion  ;  and  the  lateral,  farther  removed  from  tiie 
axis,  whose  office  bad  not  been  known,  are  only  organs  of  nntrition  and 
respiration.     When  separated  from  each  other,  they  soon  perish.  .Dr. 
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Fol  concludes  from  tbis  tbat  amoDK  the  TaDicatea,  as  well  as  the 
SipboDophora,  there  are  awimmiDg  iadividiials  aod  feediog  iodividuals. 

Tbe  same  member,  in  preseotioK  to  the  society  a  copy  of  his  memoir 
on  tbe  Pteropods,  gives  some  details  of  the  Heteropods,  wbicb  he  is  now 
daboratiDg  for  his  secood  volume,  aod  proves,  coDtrary  to  tbe  opiuions 
of  some  writers,  tbat  the  opeuing  of  invagioatiou  is  persistent,  and  tbat 
it  becomes  a  moatb.  This  moutb  once  formed,  the  embryo  swallows 
tbe  white  of  the  egg ;  and  this  albarainous  mass,  after  tbe  hatcbing  of 
tlie  larva,  serves  for  food. 

M.  Al.  Humbert  commnnicated  to  tbe  society  tbe  resnlt  of  tbe  study 
of  a  blind  Gammarns,  found  by  M.  Forel  at  the  bottom  of  LakeLeman. 
As  no  intermediaries  have  been  found  between  tbe  seeing  Qammarns  of 
the  lake  at  tbe  snrrace  of  the  water  and  tbe  blind  Oammarus  which  live 
from  the  depth  of  GO  metres  (100  feet)  to  the  bottom,  M.  Hombert  does 
not  think  it  can  be  admitted  that  tbis  Gammarns  is  descended  from  tbe 
Keing  species,  and  takes  it  for  a  variety  of  iho  Qammarvs  puleanus,  a 
^>ecies  which  dwells  at  the  bottom  of  welts  in  the  vicinity  of  the  lake. 

Professor  Bogdanow,  of  St.  Petersburg,  read  to  as  a  memoir  on  the 
uecessive  history,  through  tbe  different  geological  ^ges,  of  the  fauna  of 
European  Bossia,  and  accompanied  his  communication  with  numerous 
explanatory  mat>a. 


Id  addition  to  the  works  mentioned  above,  a  large  number  of  reports 
of  recent  and  rare  pablications  were  made  to  tbe  society,  and  a  series 
of  less  detailed  communications  were  presented. 

M.  Barbey  gave  some  acconot  of  the  Caliromia  species  of  the  genus 
Bpilobium,  which  he  is  now  preparing  ior  the  New  Floraof  Califoruiaby 
Mr.  Watson. 

Prof.  Alph.  de  Candolle  took  up  and  refuted  the  principal  objections 
offered  by  M.  Schacht  to  the  theory  of  tbe  sums  of  temperatures  applied  to 
tbe  phenomena  of  vegetation.  The  same  gentleman  informed  ua  that  Pro- 
fessor Ely  tt,  of  Ghristiauia,  made  observations  in  Scandinavia,  which  eon- 
flrmed  his  own  made  in  our  Alps,  and  which  lead  to  this:  that  of  the 
valleys  laid  bare  at  the  Glacial  period,  those  whose  glaciers  retreated 
first,  present  a  richer  and  more  varied  vegetation  than  those  which  re- 
mained a  long  time  covered  with  ice.  By  consulting  the  notes  collected 
hj  the  Rigand  family  and  the  employes  of  the  guild  hall  on  the  folia- 
tion of  tbe  chestnut  of  Treille,  at  Geneva,  M.  de  CaudoDe  was  able  to 
ahow  that  tbe  time  of  the  foliation  does  not  vary  with  the  age  of  the  tree. 
The  same  scientist  described  to  us  a  colossal  tree  of  California,  276  feet 
in  height  and  measaring  20  feet  in  diameter,  a  section  of  whose  trouk 
was  prepared  for  tho  exhibition  at  Philadelphia,  and  whose  age  was 
estimated  at  2,120  years.  He  gave  us  some  details  of  the  extent 
of  the  culture  of  tea  in  the  Indies,  derived  from  tbe  Engtitth  journals. 
He  showed  us  a  banch  of  grapes,  of  half-white  and  balf-red  berries,  and 
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also  a  remarkable  leaf  and  fruit-bearing  stem  of  the  IHaeontium  pertunm. 
Tbe  same  member,  when  on  the  subject  of  tbe  investigations  of  Profes- 
sor Farre  ou  the  hill  of  Cassina  Rizzardi  near  Como,  remarked  that  tbe 
two  Tertiary  and  Quaternary  floras  north  of  the  Alits  are  distinctly 
separated  by  the  Glacial  period,  wLile  south  of  the  Alps  tbe  Pliocene 
and  Quaternary  regions  fadeinto  each  other,  the  Tertiary  flora  already  pre- 
senting many  of  the  plants  of  the  present  epoch.  M.  de  Candolle  like- 
wise made  a  detailed  report  of  the  work  of  M.  Francis  Galton  on  twioB 
in  tbe  buman  species. 

Prof.  A.  K.  Oazin,  of  Paris,  honorary  member  of  our  society,  gave  ao 
iot«resting  re^iital,  rich  in  details,  of  his  journey  to  the  island  of  St.  Faol, 
to  observe  tbe  transit  of  Venus. 

Professor  Dor,  of  Beroe,  made  a  detailed  report  of  the  experineDts 
made  under  bis  direction  by  M.  Decker,  at  tbe  ophtbalmologieal  cIidIc 
of  Berne,  on  tbe  influence  of  the  trijnmeau  la  certain  affections  of  the 
cornea. 

>I.  Fatio  described  bis  researches,  made  conjointly  with  M.  Adore, 
to  determine  the  moment  at  which,  with  ns,  the  winged  form  of  the 
Phylloxera  is  produced.  It  was  proved  that  tbe  eveat  takes  place  in  the 
middle  of  July.  These  gentlemen  also  discovered  a  plant-louse,  strongtf 
resembling  tbe  Phylloxera,  on  the  leaves  of  the  maple. 

M.  Brncst  Favre,  while  distributing  a  memoir  on  the  Jurassic,  rocks  of 
the  Yoirons,  entertained  tbe  society  with  the  discuiiBions  of  geologists 
on  the  limits  of  the  Jurassic  and  Cretaceous  periods,  and  more  par- 
ticularly OD  the  titbonic  stratum  of  cephalopodic  and  coralline  beds. 
Far  from  sharing  tbe  opiuiou  of  the  geologists,  especially  the  French, 
who  see  a  great  hiatus  between  the  Oxford  beds  aud  the  Cretaceous 
deposits  of  our  Alps,  M.  Favre  admits,  with  the  other  Swiss  and  Ger- 
man geologists,  that  at  least  for  the  Westeru  Alps,  aud  likewise  tlie 
Yoirons,  these  are  all  theoquivaleiiteof  the  Jurassic  rocks;  aud  if  we  are 
still  uuable  to  verify  all  tbe  fossiliferoua  levels  of  the  Jurassic  basin,  it 
is  because  the  sediment  was  formed  under  differeut  couditious,  especial); 
■with  regard  to  temperatures  and  currents.  Professor  Favre  proves  that 
by  examining,  ou  tbe  spot,  tbe  hill  of  Cassina  Bizzardi,  near  Como, 
where  it  was  claimed  that  there  were  Pliocene  shells  in  the  glacial  ter- 
rains he  saw  nowhere  botweeu  Mendrisio  and  Ghiasso  that  pretended 
mixture ;  that  the  bill  in  question  bears  no  resemblance  to  a  moraine; 
and  that  it  is  formed  from  a  post-Glacitil  alluvium.  The  fossils  found 
there  were  washed  down  by  streams  which  drifted  the  rolling  stones  in 
which  these  fossils  are  imbedded.  M.  Favre  likewise  showed  ns  speci- 
mens of  the  mineral  kuowu  as  the  sapphire  of  the  glacier  of  the  Bois, 
aud  now  classed  by  M.  Specia  with  emeralds. 

M.  Fol  described  in  the  embryos  of  mole-crickets,  before  hatching,  a 
larval  heart  analogous  to  that  of  the  larva  of  inollusks.  It  is  a  contrac- 
tile regioQ  of  the  ectoderm  on  both  sides  of  the  body.  The  same  soieo' 
list  gave  some  interesting  details  of  the  zoological  laboratories  of 
Kaples  and  Kostock.  ,  -  , 
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Professor  Qautier  kiodly  coutinned  to  inform  us,  as  in  times  past,  of 
Mw  discoveties  iu  astronomy  and  meteorology.  Amongst  otber  sub- 
jects, be  mentioDed  Encke'a  comet,  seven  small  new  comets,  three  of 
which  were  discovered  by  M,  Borelli,  the  ftstronomer  of  Marseilles,  and 
achart  of  sbootiug-stars  observed  by  M.  Ferrari  on  tlie  nigbt  of  the  11th 
of  Aagust,  in  the  oeigfaborbood  of  the  constellations  of  Perseos  and 
Cassiopia.  He  also  alladed  to  a  memoir  pnblished  by  the  observatory 
of  Athens  on  Cktggia's  comet,  and  gave  an  account  of  meteorological 
observations  made  at  the  observatory  of  Berne.  Colonel  Gautier  sub- 
mitted to  us  an  analysis  of  a  work  by  M.  Tronvelot,  an  American 
Mtronomer,  on  a  new  category  of  solar  spots,  the  veiled  spots. 

IS.  Baoal  Pictet  mentioned  the  second  volume  of  M.  Hiem  on  tbe 
mechanical  theory  of  heat.  He  also  commuDicated  to  tbe  society  the 
fact  that  sulpbareuB  acid,  after  being  used  for  several  days  in  the  ice 
machine  prepared  by  M.  Pictet,  and  recently  tested  at  Tonloo  and  Mar- 
seilles, was  foDod  much  purer  and  more  limpid  than  at  the  time  of  its 
iatroductioQ  into  tbe  machine,  and  do  longer  held  sulpbur  in  saspensiou, 
and  absolutely  ceased  to  act  upon  metals,  especially  copper.  The  same 
member,  in  giving  an  account  of  the  triaJs  he  had  made  to  determine 
the  conditions  of  eqoilibrinm  of  a  heavy  body  in  a  gaseous  current, 
[minted  out  to  the  society  that  there  was  iu  tbe  int«rior  of  the  conical 
gaseous  jet  an  ovoidal  space,  in  the  interior  of  which  heavy  bodies,  such 
as  balls  of  different  substances,  remain  in  equilibrium,  taking  up  a  very 
rapid  rotatory  movement. 

Professor  Plantamour  commented  before  tbe  society  upon  a'publica- 
lioD  of  M.  Taccbioi  on  tbe  Italian  mission  to  the  Indies  to  observe  tbe 
tiaoait  of  Venus. 

Professor  Pn^vost  gave  an  account  to  tbe  society  of  a  memoir  that  he 
bad  recently  published  iu  the  Bulletin  of  the  Medical  Society  of  Switz- 
erland on  cases  of  alcoholic  delirium  observed  in  the  cantonal  hospital 
of  Geneva,  during  tbe  year  1874-'75.  The  same  member  mentioned 
the  thesis  of  Br.  David  on  npomorpbine,  and  also  tbe  re»:earche8  of  M. 
Vulpian  on  tbe  singular  effects  of  the  paralyzation  of  tbe  movement 
of  the  heart.  He  showed  to  ns  a  photograph  of  tbe  brain  of  an  aphasiao 
patient  observed  at  the  hospital  of  the  canton  of  Geneva.  This  brain,  in 
cooBrmation  of  Broca's  opinion,  presented  a  lesion  in  the  third  convolu- 
tion of  tbe  left  frontal  hemisphere.  On  this  occasion,  Dr.  Pr(;vo8t  re- 
affirmed that  a  lesion  in  the  island  of  Keil  might  have  the  same  conse- 
i)aeQce.  He  showed  to  tbe  society  a  rat  that  bad  been  perfectly  pre- 
HTved  for  two  yenrs  by  means  of  an  injection  of  six  grains  of  ebloral. 
Moreover,  M.  Priivost  presented  to  us  the  circular  of  tbe  committee 
cliarged  with  the  organization  of  tbe  fifth  session  of  tho  ]ieriodical  In- 
ternational Congress  of  the  Medical  Sciences  to  meet  at  GeDGv.i,  Sep- 
tember 9, 18T7,  and  gave  some  details  of  the  congress. 

M.  Risler  presented  an  analysis  of  M.  Bburmayer's  work  on  the  influ- 
ence of  forests  on  climate.    The  same  member  furnished  us  witb  some 
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details  of  tbe  effects  of  a  stroke  of  ligbtDin^  upon  five  telegraphic  post«, 
placed  at  a  distance  of  30  metres  (100  feet)  apart.  The  mark  left  by  the 
fluid  was  a  spiral;  tbia  passed  trom  four  to  five  times  aroaud  tlie  post, bat 
tbe  ]iOKt  uoxt  to  the  lust,  vbicb  was  of  asb,  iras  iesa  injured,  and  tbe 
fracture  was  in  tbe  form  of  a  stmiubt  furrow. 

M.  Siirasia  gave  an  account  of  a  vork  by  M.  Weber  ou  tbe  specific 
beat  of  c:\rUoii,  boroD,  aud  silicon  (see  Archives,  No.  216,  p.  407). 

M.  U.  de  Saussure  furuislicd  some  details  on  the  fauna  of  Turkiatan, 
presenting  at  tbo  same  time  tbe  first  number  on  tbe  Orthoptera  of  tbat 
country,  now  lieiog  published  liy  U.  Tcbeuko.  Tlic  same  gentleman 
mentioued  tbe  scieutific  collections  wLicb  be  bad  bad  tbe  opportunity 
of  seeing  at  Vieniii). 

Piofessor  Soiet  gave  us  some  information  about  tbe  zoological  labo- 
ratory of  Arcacbon. 

M.  Turrettini  spukc  of  tbe  tension  of  tbe  overbanging  granite  of  St 
Gotliard.  Tbe  parts  laid  bare  press  toward  the  vacancy,  and  break'up, 
often  witb  violence,  whicb  made  it  necessary  to  arcb  the  wbole  length 
of  tbe  tnrtnel,  contrary  to  anticipation. 

Professor  Wartmann  described  to  tbe  society  ttie  reaolts  obtained  by 
M.  Lockyer  from  observations  on  tbevariationsof  thecalcinmspectFniB. 
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REPORT  ON  THE  TRANSACTIONS  OF  THE  GENEVA  SOCIETY  OF 
PHYSICS  AND  NATURAL  HISTORY,  FROM  JUNE,  1876,  TO  JUNE, 
1877. 


By  Adoi^  Favrb,  Pretidenl. 
[Tranalated  for  the  Sinitbsooiui  InstitatiOQ  b;  H.  A.  Henry. ] 


0£NTLE^BN :  Called  for  the  second  time  to  render  ao  accoaat  of  all 
tbat  concerns  oar  society,  I  have  the  pleasure  to  state  that  the  number 
of  members  has  considerably  increased,  notwitbstaudiug  oar  previoas 
sad  losses. 

lu  preseuting  to  you  a  summary  of  tbe  cooditioa  and  proceedings  of 
the  society,  as  well  as  of  tbe  various  subjects  which  Lav©  en^ged  your 
attention  duriog  tho  scveuteeu  meetings  of  the  year,  I  will  follow  tbe 
USD  a  I  order. 

I.— ODITDART  NOTICES. 

Joseph  do  Itotaris,  made  an  honorary  member  of  oar  society  in  1871, 
was  lM>rn  in  ISOS  at  Milau,  was  of  a  noble  family,  and  died  at  Borne  on 
22d  of  January,  1877.  During  bis  medical  studies  at  the  University  of 
Borne,  where  be  received  the  degree  of  doctor,  he  acquired  an  ardent 
taste  for  natural  history.  In  1832  he  was  made  professor  of  botany  at  the 
Lyceum  of  Milan ;  in  1836,  assistaut  in  tho  Museum  of  Ifatnral  History 
of  Turin ;  in  1839,  professor  at  tbe  University  of  Genoa,  and  director  of 
the  Garden ;  and  finally,  in  1872,  he  accepted  the  same  position  at  Borne. 
This  was  coutrary  to  the  advice  of  his  friends,  who  feared,  not  without 
reason,  disappoiutment  in  the  hopes  be  had  conceived  of  the  restoration 
of  tbe  Garden  and  of  science  in  the  new  capital  of  Italy.  His  nomination 
to  the  Senate  was  but  a  small  compensation  for  the  numerous  difQculties 
Le  encountered. 

As  soon  as  he  was  established  at  Turin,  J.  de  Kotaris  commenced  tbe 
publication  of  botanical  works,  particularly  upon  Cryptogamia.  The 
memoirs  devoted  to  the  mosses  have  been  collected  in  a  magnificent 
volume,  published  at  the  expense  of  th«  municipality  of  Genoa,  and  con- 
etitate  a  reliable  system  of  Italian  Bryology,  to  which  the  Academy  of 
Sciences  of  Paris  awarded  the  Desmazi&res  prize. 

The  other  branches  of  Oryptogamy  were  also  pursued  with  careful  and 
accurato  researoh  by  the  learned  professor.  J.  de  Notaris  was  the  soul 
of  an  importaut  publication,  "Pfferftter  cryptogamigue"  (the  Cryptogamic 
Herbal).  The  flora  of  Lignria,  as  well  as  the  fragmentary  records  of 
Egyptian  Agrostography,  equally  attest  his  profound  knowledge  in 
every  branch  of  botany. 
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Tito  (lays  after  tbe  deatb  of  Joseph  de  Notaris,  our  society  sustained 
tLe  loss  of  Jean  ClirisUan  Poggfiodorff,  added  to  tbe  number  of  her  hon- 
orary members  io  ISli,  as  an  expression  of  ber  sympathy  with  this 
illustrious  saran,  oa  the  occasion  of  afSte  celebrated  in  commemoration 
of  tbe  fiftieth  year  of  tbe  publication  of  the  aonaU  bearing  his  name. 

Bom  OD  the  20tli  of  December,  ITOG,  deceased  at  BerHc  on  the  2ith 
of  Jaonary,  1877,  this  learned  physicist  labored  unceasingly  from  1821 
until  the  time  of  bis  deatti,  which  came  to  him  after  a  short  illuetis. 

Buriug  bislaborious  youth,  bisoncommou  energy  led  him  into  a  path  in 
which  bis  active  perseverance,  bis  jusl  and  clear  understanding  secored 
the  esteem  and  respect  of  all  savans.  lu  1820,  be  was  matriculated  at  the 
University  of  Berlin  j  in  1834,  received  the  degree  of  doctor  of  philos- 
ophy ;  was  nominated  professor  at  tbe  same  university ;  and  in  1839,  was 
made  a  member  of  the  Academy  of  Sciences  of  Berliu.  Still  a  yonng 
man,hestudiedchemistry,and  soon  devoted  himself  to  physical  research, 
especially  in  the  line  of  electricity. 

lu  1824,  he  commenced  tbe  "Annales  de  Chimie  et  de  rUysique"  (An- 
nals of  Chemistry  and  Physics),  which  succeeded  tbe  Annalet  of  Gil- 
bert. The  1C6  volumes  which  have  appeared  in  the  course  of  fifty-three 
years  contain  many  of  his  own  works,  as  welt  aa  additions,  criticisms, 
and  elaborations  of  the  memoirs  of  other  scientists.  This  important 
publication  did  not  prevent  bim  from  engaging  with  Liebig  in  tbe  forma- 
tion of  a  dictionary  of  chemistry,  while  at  tbe  same  time  he  was  giving 
to  the  world  various  biographical  sketches  and  a  biographical  dictionary- 

The  death  of  Poggendorf  is  a  great  loss  to  science.  He  not  only  con- 
tributed to  its  advance  by  bis  original  investigations,  but  rendered  easier 
for  others  tbe  researches  to  be  made  in  physical  science,  still  a  maze  of 
confusion  which  every  day  renders  it  more  necessary  to  reduce  to  order. 

11.— THE  SOCIETY. 

Our  society  has  added  this  year  to  its  regular  members  I>r.  Pierre 
Dnnant,  M.  Sohiff,  Dr.  Julliard,  and  M.  Zahn,  all  fonr  professors  of  the 
university.  These  elections  carry  the  number  of  regular  members  up  to 
fifty,  tbe  limit  according  to  rule  of  admission,  so  that  at  present  onr 
society  is  full. 

Prom  the  ranks  of  the  free  associates  we  have  had  tbe  misfortune  to 
lose  Messrs.  Charles  Eynard  and  Pr4vost-Martin ;  we  have,  however, 
added  to  them  Charles  Qolaz,  William  Favre,  Charles  Rtgaud,  Emile 
Pictet,  Domaine  Boux,  and  Ernest  Covelle. 

Professor  Wartmann  was  elected  president  for  the  year  1877-78,  and 
Me-ssra.  Marignac,  Edward  Sarasin,  and  Pbilipi>e  Plantamonr  were  con- 
tinned  in  tbeir  ofiQceaof  secretaries  and  treasarer,  and  received  tbe  tbaoka 
of  the  society  for  the  manner  in  which  they  had  fulfilled  their  trust. 

Yon  have,  gentlemen,  taken  an  import^Dt  step,  it  may  be  well  to  men- 
tion here.  In  view  of  the  constant  increase  in  the  nnmber  of  ordinary 
members  and  free  associates,  and  the  consequent  insnfBciency  in  the 
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fiuppi;  of  onr  Memoirs,  it  woB  decided  that  there  Bhoald  no  longer  be  a 
general  distribution,  but  that  the  members  and  associates  should  bo  ad- 
vised, as  soon  as  a  volume  appeared,  that  it  could  be  obtained  at  a  eer- 
taiu  place  appointed,  and  if  not  claimed  at  the  end  of  two  years  it  would 
be  at  the  disposal  of  the  society.  This  decision  does  not  affect  the  dis- 
tribution of  our  Memoirs  abroad. 

The  committee  of  publicatiou  has  been  charged  to  make  every  effort  to 
obtain  for  the  eociot}'  former  volumes  necessary  to  complete  our  series. 

The  society  has  published  during  the  past  year  the  second  part  of 
volome  XXiy  of  its  Memoirs,  containing  articles  by  M.  Plantamour  and 
M.  de  Loriol.  To  this  must  be  added  the  first  part  of  volume  XXV,  con- 
tainiug  a  memoir  of  M.  H.de  Sansaure ;  and  we  have  still  in  press  the  first 
part  of  volume  XXVI,  containing  memoirs  of  M.  Duby  upon  new  species 
of  mosses,  of  M.  E.  Favre  upon  the  geology  of  the  Crimea,  and  other 
interestiug  matter. 

Id  regard  to  the  memoirs  iu  competition  for  the  prize  founded  by  A. 
P.  de  Caodolle,  to  be  presented  in  1879,  the  society  caused  the  following 
notice  to  be  published  in  various  journals  {Archives  des  sciences  physiques 
et  tialureltes*  March,  1877). 

•'  PhIZE   POU^DED  BY  AUGUSTIM  PYEASinS   DE  CAMDOLLE  FOB   THE 
BEST  M0K06RAPU  UFO»  A  SPECIES  OB  A  FAMILY  OF  PLANTS. 

"A  competition  is  now 'opened  by  the  Sooi^li  de  physique  et  d?histoire 
naturelle  de  GenSee  for  the  best  unpublished  monograph  of  a  species  or 
family  of  plants. 

"The  manuscripts  may  be  written  iu  Latiu,  French,  English,  or  Ital- 
ian. They  must  be  sent,  postage  paid,  before  the  Ist  of  October,  1879, 
to  Professor  de  Marignac,  corresponding  secretary  of  the  society  at 
Geneva.    Members  of  the  society  are  not  admitted  to  the  competition. 

"  The  prize  is  500  francs.  It  may  be  reduced  or  not  awarded  in  case 
the  articles  do  not  correspond  to  the  conditions  of  this  notice. 

"Geneva,  February,  1877. 

"A.  Favbe," 
President  of  the  Society. 

HI.— LABOIIS  OF  TOE  SOCIETY. 

1 .  Physics. — Professor  Plantamour  Las  given  an  account  of  a  work  pob- 
liahedby  him  with  Professor  Wolf,  of  Zurich,  upon  the  telegraphic  deter- 
mination of  the  difference  of  longitude  between  the  observatory  of  Zurich 
aod  the  astronomical  stations  of  Ptiindler  (near  Bregenz)  and  of  G.'ibris 
(Appenzell).  TheastronomerOppolzerassistedintbiswork.  Dnringthese 
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observationa  it  was  observed  that  the  peodulams  of  M,  WolC  and  M. 
Oppolzer  were  ioflueDced  \a  tbeir  course  by  the  electric  register  which 
accompaiiied  them,  while  the  pendulum  of  M.  Plaatamoor,  coDBtmcted 
by  M.  Hipp,  was  not  in  the  least  distarbed.  In  fact  the  probable  error 
for  each  combinatioD  of  longitude  is  from  seven  to  eight  thonsandtbs  of  a 
second.  The  nieasnics  gave  for  the  difierence  of  longitude  between  the 
three  stations : 

Pfandler-Zuncb 4    53.601 

Giibris-Zurich 3    40.070 

Pfandler-Giibris 1     13.C21 

yi.  Eaoul  Pictet  has  proved  an  anomal;  in  the  law  of  the  diffusion  of 
gases,  in  the  fact  that  sulpharoDS  acid  passes  through  india  rubber  with 
greater  facility  than  hydrogen ;  a  balloon  of  iudia  rubber  containing 
sulphurons  acid  will  soon  be  emptied.  By  fllliag  with  this  gas  a  glass 
tube  closed  at  the  upper  end  by  a  sheet  of  india  rubber,  and  plunging 
the  lower  end  of  the  tube  into  mercury,  the  rapidity  of  the  escape  of  the 
gas  may  be  measured  by  the  ascent  of  the  mercury  in  the  tube. 

Professor  Sorot  has  entertained  the  society  at  two  sessions  wilb  some 
now  researches  made,  with  M.  Edward  Sarasin,  ujkid  the  rotatory 
polarization  of  quartz,  particularly  for  the  ultra  violet  rays,  by  means 
of  a  spectroscope  with  a  flnorescent  eyepiece.  This  instrument  was 
described  in  the  Archives  in  December,  ISiG.  The  results  of  the  labors 
of  MM.  Soret  and  Sarasin  are  given  in  the  Cowptes  rcndus  de  VAcaMmie 
des  Sciences,  t.  83,  p.  188. 

Profejssor  Wartmann  made  a  ccmninnicaliou  upon  the  extrapolar 
deviations  observed  upon  mercuriid  conductors,  whether  vats  or 
troughs.  He  produced  a  very  sensible  current  by  placing  the  two 
extremities  of  the  wire  of  a  galvanometer  in  the  ueigbborhood  of  the 
pole  of  a  current  passing  through  a  trough  or  vat  filled  with  mercury, 
but  beyoDd  the  line  of  the  poles. 

Lucien  de  la  Bive  presented  a  work  upon  tbc  specular  nffection  of 
surfaces  covered  with  hairs,  considering  them  as  cyliuders  with  a  circular 
base.  The  author  demonstrated  that  a  surface  covered  with  cylinders 
presented  other  brilliant  points  than  those  of  the  surface  itself.  {Ar- 
eltives,  187C,  t.  57.) 

Professor  Marignnc  made  in  his  laboratory  some  esperimoDts  upon 
capsules  of  tcmpereil  glass ;  one  of  them  very  well  resisted  the  gas 
dame,  but  half  a  miuute  after  the  extinction  of  the  dame  it  exploded 
like  a  Eupcrt'a  drop. 

>I.  Theodore  Turrettiui  observed  that  a  mixture  of  snow  and  chloride  of 
magnesium  gives  a  temperature  of — 31°  C.  (—20°  F.),  while  the  mixture 
of  snow  and  chloride  of  sodium  gives  only — ISo  C.  (— 20F.)  An  im- 
portant use  may  therefore  be  made  of  a  product  very  abundant  in  mother- 
waters  which  has  hitherto  been  thrown  away.    The  donble  chloride  of 
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potassium  anU  of  zna^eeiam  is  also  a  product  of  the  mother-liqaors  which 
is  not  dcUqaesceut,  and  which  presents  some  advantages  over  the 
chloride  of  magDeaium.  It  gives  a  temperatnre  of  — 32°  to  — 34'^  C. 
(—20°  to  —290  F.) 

M.  Turrettioi  shoved  that  the  t«mperatare  to  vhicli  may  bo  carried  a 
solotioDof  salt  or  of  chloride  of  ma^esiam  in  water  is  the  same  as  that 
prodaced  by  salt  or  by  this  chloride  when  mixed  with  snow :  thus  the 
sola tiOQ  of  chloride  of  magnesium  freezes  only  at  — 34°  C.  ( — 29°  F.) 

M.  Turrettini  also  exhibited  and  explained  the  diplogr:iph,  a  writing- 
machine  for  the  use  of  the  blind,  invented  by  M,  Ernest  Recordon  of 
Laasanne,  and  constructed  by  the  GeDeveso  Society  for  the  Manufacture 
of  Physical  Instrnments.  This  machine  forms,  at  the  same  time,  char- 
acters in  relief  for  the  blind,  and  ordinary  printed  letters  for  those  who 
can  see;  so  that  the  bliod  can  correspond  with  each  other,  nnd  those 
who  have  sight  with  the  blind. 

2.  Meteorology  and  terrestrial  pki/sics. — Professor  Plautamour  presented 
to  our  society  a  ri!sujtt4  of  the  principal  results  of  a  work  upon  the  baro- 
metric observntions,  the  hygrometric  state  of  the  atmosphere,  tbe  nebn- 
losity,  the  rain,  and  the  wind  observed  at  Geneva  during  the  fifteen  years 
comprised  betweeu  1861  aud  1875.  These  researches,  which  were  con- 
siderable in  extent  and  important  in  results,  were  published  in  the  twenty- 
fourth  volume  of  our  Memoirs,  under  the  title  of  N^ouveUea  &vdes  8ur  le 
climate  de  Gmice  (Iteccnt  investigations  of  tbe  climate  of  Geneva),  and 
were  discussed  by  Professor  Gautier  in  the  Arebives,  1877,  t.  58.  They 
formed  a  seqnel  to  a  vohimo  published  by  M.  Plantamoar,  in  18C3,  npon 
the  climate  of  our  country  from  1820  to  1860. 

Dr.  Forel  while  pursuing,  as  we  know,  with  great  perseverance  hia 
investigations  of  Lake  Iieman,  succeeded  in  discovering  tbe  form  of  the 
seiches — oscillations  of  the  water  in  tbe  direction  of  the  length  and  the 
width  of  the  lake.  This  exposition  is  equally  applicable  to  the  movement 
of  the  waters  of  the  lakes  of  Brienz  and  of  Walleustndt.  The  obser- 
vations which  served  as  tbe  base  of  these  calculations  were  made  with 
a  limnimeter  register.    (See  Arckive3f  187G,  t.  56,  57,  and  SO.) 

To  carry  the  study  of  this  oscillation  of  the  water  further  than  can  be 
doue  in  a  single  locality,  Professor  Plantamour  examined  this  move- 
ment at  Sccheron  near  Gcnovn.  He  recognized  its  existence,  bot  it  was 
prodaced  here  in  a  contrary  direction  from  that  at  Morges.  When  it 
was  low  at  Morges  it  was  high  at  Geneva  and  vice  versa.  Professor 
PInntnmonr  caused  a  limatnicter  register  to  be  established  at  SecheroD. 
{Archiva,  1877,  t.  58.) 

Dr.  Forel  has  also  studied  the  transparency  of  the  waters  of  Lalio 
Leman.  He  determined  it  by  measuring  the  depth  at  which  n  white 
disk  ceased  to  be  visible  in  the  water,  or  by  measaring  the  mioimnm 
depth  at  which  a  photographic  plate  experienced  no  alteration.  A 
white  disk  of  25  centimetres  (10  inches)  in  diameter  disap|iearcd,  from 
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May  to  December,  at  6°.  C  (IS  feet) ;  in  winter  at  10".  1  (33  feet ;)  in  Marcb, 
1875,  it  ivaa  necessary  to  sink  it  to  17"  (56  feet.)  Tlie  limit  of  photo- 
graphic action  was  found  to  bo  45°*  (148  feet)  In  summer,  and  100"  (338 
feet)  in  winter.  According  to  the  author  the  transpareney  of  the  water 
of  the  lake  dei>eud5,  first,  upon  the  temperature;  second,  upon  the  pro- 
portion of  organic  matter  in  suspension  in  the  water.  The  tatter  is  more 
abundant  in  summer  than  in  winter,  because  the  waters  of  tbo  lake  in 
the  first  of  these  two  seasons  present  strata  of  difierent  temjieratureB, 
producing  difi'erences  in  density,  and  the  result  is  that  the  organic 
matter,  also  differing  in  density,  will  seek  a  stratum  of  a  corresponding 
density  and  will  be  there  held  in  suspension.  In  winter  the  temperature 
of  the  water  being  more  uniform,  the  substances  are  retained  id  much 
less  qnantity.  {Bulletin  Soc.  vaudoisc  des  Sc.  not,,  1874,  t.  siii;  1875,  t. 
xiv;    and  Comptet  rendm  de  VAcadimie  dea  Sciences,  1877,  t.  84,  p.  311.) 

M.  Eaoul  Pictet  has  presented,  in  regard  to  the  intermittent  foontain 
of  Vichy,  a  theory  by  which  he  has  been  enabled  to  explain  the  singatar 
movements  of  waters  more  clearly,  since  be  bas  succeeded  in  coDstmct- 
lug  an  apparatus  which  produced  them  in  miniature.  This  fonntain  pro- 
ceeds from  a  tube  which  descends  to  a  depth  of  107"  (351  feet),  at  the  base 
of  which,  therefore,  there  must  be  a  pressure  of  ten  atmospheres.  The 
eruption  of  water  mingled  with  gas  is  prodoced  for  about  an  hoar,  rises 
to  ten  or  twelve  meters  (33  or  39  feet),  and  ceases  for  five  or  six  boors. 
If  the  pipe  reaches  a  little  below  the  most  elevated  portion  of  an  ioi- 
permeable  vault  which  covers  a  part  of  the  sheet  of  water,  the  gases 
which  are  generated  by  the  waters  of  Vichy  accumulate  in  the  vault, 
drive  the  water  to  the  lower  edge  of  the  conduit  and  escape  with  it 
over  the  latter.    (See  Archives,  1876,  t.  57.) 

M.  Theodore  Turrettini  has  made  known  the  results  obtained  by  M. 
Pictet  and  himself  in  the  fabrication  of  transparent  ice  by  means  of 
the  machine  employed  by  the  firm  of  Eaoul  Pictet  and  Company. 
As  slow  freezing  of  the  water  could  not  be  managed,  MM.  Tnrrettini 
and  Pictet  tried  agitating  the  water  under  the  pneumatic  pump  in 
order  to  drive  out  the  air,  but  the  middle  of  the  block  of  ice  formed 
was  more  or  less  opaque  on  account  of  a  sort  of  crystallization.  M.  Tur- 
rettini has  at  last  succeeded  in  obtaining  some  perfectly  transparent  ice 
by  causing  globules  of  air  to  pass  through  the  water  to  be  frozen,  in  a 
continaoas  current.  These  large  globnles  of  air  seemed  to  carry  away 
with  tbem  the  small  air-bubbles,  which  even  more  than  the  crystalliza- 
tion appeared  to  cause  the  non-transparency  of  the  ice. 

3.  Qeology  and  cliojichology. — Professor  Benevter  has  exhibited  a  chart 
of  the  Swiss  Alpine  Club  on  a  scale  of  -gTslins,  colored  geologically,  pre- 
pared for  the  federal  commission  of  the  geological  chart  of  Switzerland. 
It  includes  the  moat  elevated  parts  of  the  Vandois  Alps,  the  rocks  of 
Viablerets,  of  the  Muveran,  &c.,  and  extends  along  the  right  shore  of  the 
Bhone  to  the  north  of  Martigny  in  Yalais,  from  the  village  of  Ardon  to 
that  of  Ollen,  to  the  north  of  Bex.    This  when  published  will  be  accom- 


Google 


GENEVA  SOCIETY  OF  PHYSICS  AND  HATUEAL  HI8T0EY.         231 

pacied  with  Dumeroas  raised  sectioDs,  prepared  TTith  the  greatest  care, 
so  as  to  represent  thecoaDtryia  all  its  details.  The  inversions  of  the 
strata  are  bo  namerous  in  this  regioD  as  to  be  almost  the  Dormal  cooditioD ; 
not  less  than  thirty-eix  geological  stages  may  be  counted  in  this  chart, 
from  the  crystalline  schists  to  the  modern  allavinms.  Among  the  new 
facts  contained  in  a  memoir  puhlished  by  Benevier,  on  the  appearance 
of  this  chart,  we  mention  the  discovery  of  a  tooth  of  Otoduk  in  the  sand- 
stone of  Taveynnaz.  This  Is  the  first  time  a  I'ossil  has  been  observed  in 
thisrock.    {Arckives,  1807,  t.  59.) 

Professor  A.  Favre  has  given  some  explanations  of  the  geological, 
chart  of  the  canton  of  Geneva,  scale  ^^g,  and  submitted  them  to  the 
society.  The  Tarioas  strata  which  compose  this  region  have  been 
already  described  elsewhere.  The  most  ancient  rock  is  the  sandstone, 
which  is  divided  into  the  red,  or  lower,  sandstone,  and  the  gray  sand- 
stone, containing  traces  of  lignite  and  gypsum. 

The  aocient  allaviom  rests  npon  the  sandstone,  and  appears  at  vari- 
OQB  levels;  it  is  composed,  at  its  base,  of  clay  without  pebbles, and  with 
lignite  earmoanted  with  a  formation  of  worn  pebbles  and  sand,  often 
in  a  state  of  hard  conglomeration.  M.  Favre  has  recently  discovered  in  it 
scratched  pebbles  and  insertions  of  a  rock  of  a  glacial  character.  {Bulle- 
tin  Soc.  giol.  de  France,  1875,  iii,  t  723,  and  Archtvet^  1877,  58,  p.  18).  If 
sach  observation  are  mnltiplied  they  will  probably  acqaire  sacb  impor- 
tance that  a  refutation  may  be  dednced  from  them  of  the  hypothesis  of 
two  glacial  periods.  The  glacial  stratum  resting  upon  the  ancient  allu- 
vinm  is  composed  of  clay  more  or  less  gravelly ;  it  constitutes  the 
largest  part  of  the  surface  of  the  canton.  Erratic  blocks  are  found  npon 
it,  all  from  the  valley  of  the  Rhone,  while  there  appear  to  be  none  from 
the  valley  of  the  Arve. 

The  post' glacial  allnriums  are  composed  of  gravel  and  of  sand  from  ter- 
races more  or  less  elevated  upon  the  borders  of  the  lake  and  of  the 
rivers.  They  contain  many  pebbles,  broken  and  indented.  This  de- 
stractioD  or  decomposition  oC  pebbles,  near  the  surface  of  the  soil,  is 
without  doubt  one  of  the  principal  causes  of  the  formation  of  vegetable 
earth.  We  find  in  the  canton  much  sandy  soil,  fine  sand,  and  small 
gravel.  These  are  of  different  ages,  and  formed  of  various  rocks. 
Particles  of  oxidized  iron  are  found  in  them,  which  attest  their  Alpine 
origin.  Feat  and  marshy  ground  are  not  of  frequent  occurrence  in  the 
canton.  M.  E.  Favre  has  presented  Some  remarks  upon  the  origin  of  an- 
ci«n(  alluvium.  He  has  indicated  the  principal  characteristics,  and  has 
especially  dwelt  upon  the  sections  of  the  Bois  de  la  B&tie  and  the  quarry 
of  Mategniu.  He  condudes  that  the  formation  of  this  stratum,  entirely 
composed  of  worn  pebbles,  was  intimately  connected  with  the  extension 
of  ancient  glaciers,  and  that  its  presence  at  various  levels  on  the  sides 
of  the  mountains  and  in  iho  bottoms  of  the  valleys  is  because  the  ice 
covered  very  uneven  gronod.    (ArcMvet,  1877,  t.  68.) 

M.  de  Loriol  has  exhibited  two  species  of  Uchitmds  from  Maurice  lal- 
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and,  ODe  belonging  to  tbe  genos  Sritaus,  tbe  other,  tbe  Sciinokuupat 
Alexandri.  This  genas  made  its  appearance  with  tbe  Tertiary  fonna- 
tion.  Tbe  species,  nnmeroas  in  the  Eooene,  less  extensive  in  tbe  Aflo- 
ceae,  rarer  still  in  tbe  Pliocene,  number  Tonr  ut  tbe  present  tima  (See 
vol.  XXIV  of  oor  Memoirs.) 

A  few  years  bence  tbe  conobologists  of  our  coantry  would  be  macli 
pnzzled  to  explain  the  appearance  of  two  freab  water  shells,  Poluduu 
vivipara  and  PlanorbU  comeui,  if  M.  H,  Fol  had  not  taken  the  precau- 
tion  to  inform  our  society  that  be  bad  put  in  tbe  salt  marsb  of  Sionnet  a 
certain  number  of  these  mollusks  to  see  whether  they  coold  be  accli- 
mated. 

4.  Animal  physiology  and  medidTie. — Professor  Schiff  has  songht  to 
modify  the  hypothesis  of  M.  Dubois  Raymond,  of  the  electric  nature 
of  the  nervous  agent,  and  to  determine  whether  electric  currents  are 
produced  in  tbe  nerves  of  living  animals.  Using  very  sensitive  a^a- 
ratus  and  operating  upon  tbe  sensitive  nerve  of  a  frog  decapitated 
just  at  tbe  moment  of  tbe  experiment,  the  result  was  negative.  la 
other  experiments  M.  ScUiff  employed  tbe  muscles  of  the  thigh  of  a 
frog  cleaned  and  arranged  so  as  to  serve  as  a  connection  betweoi 
two  electrodes.  He  observed  no  current,  and  the  learned  professor 
concluded  that  none  was  produced,  iu  the  absence  of  all  lesion  in 
the  UDcut  nerves.  He,  however,  immediately  perceived,  the  formation 
of  a  current  when  tbe  nerve  was  merely  pinched.  After  the  hyijoglos- 
sal  nerve  of  a  dog  has  been  cat  and  tbe  wound  healed,  tbe  nerre  is  no 
longer  iu  a  normal  couditioD.  Uncovered  at  the  moment  of  experiment 
it  gives  variable  electric  efiects.  In  operating  upon  tbe  pnenmogastric 
nerve  of  cats  and  rats  under  tbe  iufloence  of  alcohol  and  carara,  kept 
at  the  temperature  of  tbe  surrounding  air,  M.  Schiff  observed  no  cnr- 
rent;  but,  on  binding  or  tying  the  nerve,  the  current  was  formed  imme- 
diately. M.  Schiff  thinks,  therefore,  that  in  the  normal  condition  of 
the  nerve  and  in  tbe  state  of  immobility  of  the  living  animal  there  is  no 
cuTi  ent ;  that  when  tbe  current  is  produced,  it  results  from  the  deatb  of 
tbe  nerve,  or  from  nervous  activity  aud  the  contraction  which  acoom> 
panies  it. 

The  same  learned  gentleman  addressed  the  society  npon  the  proper- 
ties of  nicotine  as  a  poison,  and  tbe  action  of  the  liver  under  tbe  effects 
of  this  poison.  The  nicotine  injected  under  tbe  skin  of  a  dog  produced 
death  in  a  few  momenta.  When  the  nicotine  was  forced  through  the 
liver,  its  effects  were  weakened ;  the  nicotine  is  destroyed  by  this  or- 
gan. The  nicotine  doubled  baa  very  nearly  biliary  activity.  Until 
now  only  iocyamine  was  known  which  produced  similar  effects;  and 
according  to  M.  LanteDl?aoh  tlie  action  of  tbe  liver  is  more  eomplete 
npoD  this  poison  than  npon  the  nicotine.  One-aistieth  of  a  drop  of  this 
substance  is  sufficient  to  kill  a  frog,  after  the  liver  has  been  tied,  al- 
though one-twentieth  is  sufficient  in  the  ordinary  state.  The  tying  of 
the  rena  porta  of  a  dog,  of  a  cat,  or  of  a  rabbit,  produces  the  deatb  of 
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the  aDimal  in  aboat  two  hoars  ftnil  a  half,  with  oircumstancea  similar  to 
those  oaased  by  morphine  or  any  other  narcotic.  If  two  cnbio  centiine- 
tres  of  the  blooil  of  a  dog,  the  vena  porta  of  which  has  bceo  tied,  are 
iDserted  in  a  frog,  and  in  another  irog  the  same  quantity  of  the  blood 
of  a  dog  intact,  at  the  end  of  three  hoara  the  firat  frog  will  be  dead, 
while  the  second  will  be  iu  good  condition.  M.  Schiff  coDctaded  from 
this  that  the  action  of  the  livec  destroys  the  nicotine,  and  that  there  is 
constantly  produced  in  the  digestive  organs  of  man  and  of  animals  a 
poisonous  snbstance  which  wonid  destroy  them  in  a  very  short  time  if 
tbey  were  not  contioDally  saved  by  the  action  of  the  liver. 

Pnrfessor  Zahn  sabmitted  to  the  examination  of  the  society  a  prepa- 
ration of  the  costal  cartilage  of  man,  showing  a  pigmentary  iiiMtration 
of  the  cells.  This  inflltration  is  a  new  characteristic  of  this  cartilage, 
aad  has  not  been  mentioned  iu  any  treatise  on  pathological  anatomy, 
althongh  M.  WechI  and  M.  Wirchow  have  both  mentioned  the  pigmen- 
tation. It  is  fonr  years  since  M.  Zahn  first  noticed  this  iuhltnition; 
siDce  then  he  has  often  observed  it;  it  exists  in  half  the  men  over  forty 
years  of  af^e.  General  pigmentation  has  been  observed  by  liim  only  in 
two  cases  of  severe  ictarns.  {ArcMnes,  1877,  t.  OS.)  M.  Schiff  adds  that 
be  has  been  able  to  produce  this  pigmeotation  by  the  slow  compression 
of  the  biliary  livers. 

Dr.  Provost  has  given  a  description  of  a  case  of  aphasia  observed  iu 
ayonng  girt,  who,  althongh  attacked  with  a  right  hemiplegia,  retained 
all  her  intelligence.  The  apha&ia  continoed  after  the  hemiplegia  disap- 
peared, and  the  patient  conid  prononnce  words  only  when  she  sang  them. 

Professor  Plantamour  drew  the  attention  of  the  physiologists  to  the 
difference  in  the  power  of  perception  of  the  transit  of  stars  according  to 
the  inclination  of  the  bead.  He  remarked  this  fact  several  times,  and 
again  recently  during  some  observations  made  with  Colonel  Orff,  who 
having  difficulty  in  seeing  on  account  of  the  position  of  the  eye-glass, 
bent  more  or  less  his  head.  The  result  was  a  very  noticeable  difference 
in  the  appreciation  of  the  transit  of  stars. 

M.  H.  Fol  gave  an  account  of  his  researches  in  regard  to  the  fecun- 
dation of  eggs,  especiafly  of  sea-nrcbins.  The  details  of  these  remark- 
able researches  may  be  found  in  several  articles.  (Archives,  1ST7,  t.  f>8,  p. 
439;  Comptea  rcndua  de  PAcadimie  dee  Sciences  de  Paris,  1877,  t.  84,  p. 
2C8, 3o7,  »nd  CoO.) 

H.  y.  Fatio  has  made  hoown  certain  variations  in  species  among 
fishes,  snch  as  alterations  in  the  form  of  the  month  on  account  of  the 
medium  in  which  these  animals  live,  as  well  as  correlative  modifications 
in  various  parts  of  the  body. 

5.  Botany. — Professor  Candolle  has  given  some  details  of  a  work  be 
has  jost  completed  relative  to  the  family  of  SinHaceee.  'Ibis  is  a  p:irt  of  a 
vorlf  entitled  Utnographice  Pkanerogainarvm,  which  be  prepared  with  bis 
son  and  several  other  assistants.  This  family  is  well  defined  by  its  char- 
acteristics, and  is  divided  into  three  genera :  Reteronnilax,  Smitax,  and 
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Rhiphogonum.  M.  tie  CandoUe  lias  beeo  able  to  prove  that  several 
species  have  be«D  described  ander  two  uames,  and  has  made  knowo 
flfty-flve  new  Bpecies.  The  preseut  geographical  distribation  of  plants 
of  this  fiimily,  combiued  with  onr  knowledge,  unhappily  imperfect,  of 
fossil  Sntilacew,  allows  the  pregumptioD  that  dispersioD  in  former  times 
was  iDDch  greater  than  at  preseot.  Xow  the  Smilacea  are  foand  only 
in  the  district  comprised  between  Japan,  India,  New  Caledonia,  and 
tbe  Sandwich  Islands.  From  this  limited  region  to  Brazil,  the  Cape, 
and  tbe  Azores,  only  a  few  genera  or  subgenera  are  found. 

M.  Duby  submitted  a  work  accompanied  with  plates  relative  to  a  genns 
and  eighteen  new  species  of  mosa  from  Japan,  the  Philippine  Islands, 
and  Maarice  Island.  They  belong  to  the  genera  Batranica,  Orthotrickum, 
Schlotkeimia,  Pterobrium,  Eypnum,  and  Scnoniella,  M.  Duby  called 
attention  to  the  large  nnmber  of  mosses  found  at  the  same  time  in 
Itfanrice  Island  and  tbe  Sunda  Islands.  (See  part  1  of  vol.  XXVI  of 
our  Memoirs.) 

M.  Marc  Micheli  has  given  acconnt  of  the  most  recent  investigations 
relative  to  insectivorous  plants.  [Archirea,  1877,  t.  58,  p.  393).  M.  Dnby 
mentioned  on  this  occasion  that  other  plants  exnded  digestive  acids, 
among  others  the  Petunias,  which  capture  certain  insects  by  means  of 
glutiDons  glands. 

6.  Stalistict.^De.  Dunaut  called  the  attention  of  the  society  to  the 
change  in  tbe  population  of  tbe  city  of  Genera  £rom  1845  to  1872. 

At  no  period  has  the  increase  by  naturalization  been  as  great  as  from 
from  1850  to  1S60,  The  proportion  of  tbe  population  under  fifteen  yean 
of  age  and  that  alMve  sixty  has  iocreoeed ;  that  of  adnlts  has  dimin- 
ished. 

!nie  number  of  marriages  among  the  Oenevese  diminishes,  that  of 
raarriagea  between  strangers  and  Oenevese  remains  the  same,  and  that 
of  marriages  between  strangers  increnees.  There  are  fever  births 
among  the  Oenevese  than  among  tbe  Swiss  of  other  cantons  and  among 
tlie  foreigners.  Illegitimate  births  ore  more  frequent  in  the  fbrelgn  pop- 
ulation and  the  Swiss  of  other  cantons  than  in  the  Oenevese  popala- 
tion.  The  mortality  is  studied  with  care  in  this  great  and  concIentJoas 
work.    (See  Journal  de  Statistiqwe  Suisse,  1876,  S'os.  11  and  III.) 

Tbe  society  has  listened  to  nnmerons  reports  upon  works  published  in 
various  countries,  fuid  in  regard  to  which  the  members  of  the  societf, 
after  discassion,  passed  judgment  more  or  less  pronounced.  These 
discusuons  aairaal«d  the  sessions,  end  drew  tbe  attention  of  the  mem- 
bers to  labors  outside  of  tbeir  especial  studies. 

The  following  is  a  list  of  these  communications :  Professor  Qautier, 
observations  made  in  varlooa  observatories,  of  the  velocity  of  the  stars, 
tbe  zodiacal  light,  a  new  star  in  tbe  constellation  of  tbe  Swan,  tbe 
double  star  of  tbe  Centaur,  the  climate  of  Berne,  inaadationa  in  Switzer- 
land in  Jane,  1870,  &c.;  Colonel  Gautier,  solar  protuberances;  Pro- 
fessor Sorer,  photographs  of  the  moon,  defects  of  the  rotioa,  and  the 
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Icli'pbone;  Dr.  Fowl,  tbe  frost  of  tbe  12th  of  Sovember,  1810  j  Pro- 
fessor Wartmann,  apparatos  for  oecertaining  the  impnlBion  tfaat  a  spark 
of  induction  passiog  throngh  ararefled  gas  is  cnpable  of  prodnciag  in  a 
longitadinal  direction  ;  M.  A,  Acliard,  the  form  and  properties  of  the 
articDiated  losaoge  of  Peaacellier ;  compositioD  of  certaiu  waters,  accord- 
ing to  Girardio;  M.  B.  Saracin,  a  writiDg-mQchine;  M.  It.  Pictet,  n 
vork  of  )1.  Dufoar,  of  Laasanne,  npon  the  core  of  a  person  blind  from 
birtb,  and  npon  the  theory  of  vision  {Archives,  1877,  t.  58);  Professor 
Scbiff,  various  experiments  upon  the  hereditary  transmisBion  of  certain 
artificial  lesioDB ;  M.  Fo],  memoirs  apon  the  heteropodes,  upon  pulmo- 
oated  terrestrial  mollasks,  and  apon  a  microtome  which  allowed  the 
making  of  fifteen  or  sixteen  cots  of  an  embryo  of  one-fifth  of  a  milli- 
meter in  thickness ;  M.  Fatio,  azolotls,  the  preparation  of  delicate  skel- 
etons cleaned  by  the  tadpoles  of  frogs ;  Professor  De  CaudoUe,  the  law 
of  botanical  nomenclature;  Professor  Mnller,  lichens ;  M.M.Micbeli,in- 
fluenceofmaDare  upon  the  composition  of  grains. 

With  this  list,  geDtlemeo,  I  close  the  report  1  have  the  honor  to  pre- 
Benttoyoa.  We  have  canse  for  satisfaction  that  tbe  increase  in  the 
Damber  of  members,  of  the  memoirs  presented,  and  of  our  poblicatious, 
manifests  a  growth  of  activity  in  our  society. 
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By  George  L.  Ca>-non,  of  Idaho  SpriHg$,  Colo. 

DuriDg  tbe  last  tbree  years  I  bare  examined  a  large  nomber  of  abo- 
riginal structures  ia  the  couoties  of  Jefferson  and  Clear  Greek,  and  as 
tbe  prehistoric  remains  of  Clear  Creek  CoODty  are  of  small  extent,  I  shall 
devote  the  greater  part  of  m;  commniiicatioD  to  a  description  of  thoee 
in  JeffersoD  Coanty.  A  goo<l  idea  of  the  topographical  features  of  tbe 
district  in  which  these  remains  are  sitaated  may  be  obtained  by  con- 
Bnlting  Cbittendeo's  map  of  the  eastern  base  of  the  Kocky  Monntaios, 
published  in  Hayden's  Survf^y  of  Colorado  for  1S74.  It  consists  for  the 
most  part  of  elevated  plains,  interspersed  with  prairie  ^AatEs  and  sand- 
stone "  hogbacks."  Most  of  the  remains  apparently  belong  to  qoite  a 
modern  period,  that  is  to  say,  within  tbe  space  of  twenty  or  thirty  years; 
still,  in  some  cases,  judging  by  tbe  depth  to  which  tbe  stones  composioK 
them  have  snult  and  by  tbe  thickness  of  tbe  snperiocumbent  soil,  we  may 
give  them  an  antiquity  of  a  century  or  more.  The  greater  part  of  tbem 
are  situated  on  tbe  tops  of  bills,  commanding  a  view  of  the  adjacent 
l>Iaipis,  but  occasionally  we  find  some  in  low  lands,  in  tbe  vicinity  of 
springs,  where  good  water  can  be  obtained.  Tbe  first  to  be  described,and 
perhaps  tbe  most  nnmerons  class  of  relics,  are  tbe  so-called  "fire-places.'' 
They  consist  of  several  flat,  irregnlar  stones,  discolored  by  fire,  arranged 
80  as  to  form  a  hearth,  and  are  identical  with  the  fireplaces  which  the 
modern  Indians  have  iu  the  center  of  their  wigwams.  They  are  scat- 
tered promiscuously  over  the  plains,  without  much  reference  to  location, 
save  such  as  a  party  of  campers  would  choose. 

Next  in  importance  to  tbe  fire-places  are  what  are  locally  denominated 
"  Indian  circles."  They  are  nsnally  constructed  of  bowlders  arranged 
in  the  form  of  a  rude  circle,  about  a  yard  in  diameter,  with  a  cavity  a 
foot  or  two  in  depth,  hollowed  out  in  tbe  center.  The  most  common 
opinion  is  that  they  were  used  by  tbe  Indians  as  fire-places.  The  modem 
Indians  are  said  to  encamp  on  sites  similar  to  those  iu  which  these  circles 
are  found,  and  in  some  cases  surroond  their  fires  with  a  wall  of  stones, 
to  prevent  tbem  tcova  being  extinguished  by  the  wind.  Some  have  sup- 
posed that  they  were  occapied  by  signal-fires,  and  this  may  have  t>eeD 
the  case,  as  most  of  them  are  in  situations  that  would  be  suitable  for  tbe 
purpose.  Again,  it  has  been  thought  that  they  mark  the  graves  of  some 
prominent  Indian  warrior  or  chief,  although  it  was  not  Che  usual  custom 
of  the  Indians  to  bnry  their  dead,  but  rather  to  place  the  corpse  on  an 
elevated  platform. 
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One  of  these  circles,  on  Kortb  Table  Moantain,  appeareil  so  much  like 
3  grave,  that  a  party  of  exoaraioaUta  made  an  JDeffeotaa)  attempt  to  open 
it,  Id  hope  of  flndiDg  Bomettalng  to  reward  their  pains,  as  ladiaos  fre- 
qaently  bury  ntensila  and  weapons  with  the  dead.  The  wall  sarronnd- 
ing  the  Bopposed  grave  differs  from  that  of  other  circles  in  being  cou- 
stracted  of  dat  shihs  of  basalt,  instead  of  bowlders  of  qnartzose  rock,  aud 
OD  the  soatbem  side  of  the  incloaure  stood  a  slab  of  trachyte,  which  bad 
probably  been  brought  from  the  crater  of  an  extinct  volcano  a  mile  or 
more  distant,  and  bad  the  appearance  of  a  tombstone.  The  groand  for 
some  distance  around  gives  forth  a  hollow  soand,  as  if  there  were  a 
cavity  beneath,  and  on  a  hill  near  by  is  a  monnd  apparently  intended 
as  a  mark  to  gnide  in  flnding  the  grave.  In  connection  with  the  circles 
^e  sometimes  find  heaps  of  stones  rnduly  piled  together,  whose  ase  has 
not  as  yet  been  conjectured.  In  many  places  are  to  be  seen  spots  where 
the  Indians  appear  to  have  been  encamping  and  making  tbeir  arrow- 
heads and  tools.  In  most  cases  only  a  few  scattered  chippiogs  of  flint 
aad  qoartzite  occnr,  as  if  tbey  had  encamped  for  the  night  and  chipped 
ont  a  few  arrow-heads  for  the  morrow's  chase,  white  other  places  appear 
to  have  been  occnpied  for  quite  a  length  of  time,  and  the  ground  in  tbeir 
neighborhood  is  thickly  scattered  with  fragments  and  flakes  of  the 
various  stones  used  by  the  Indians  in  making  their  implements,  accom- 
tKUiied  occasionally  by  chipping-azes,  hammers,  skin-scrapers,  mortars, 
and  pestles.  These  camps  are  usually  situated  in  fields,  in  the  vicinity 
of  running  water,  and  also  in  the  neighborhood  of  a  hill  or  steep  blaff, 
to  which  tbey  conld  retreat  in  case  of  attack.  In  a  small  grove  of  Cot- 
tonwood trees  near  Apex,  Colorado,  the  Indians  appear  to  have  made, 
in  former  times,  great  qnautitieB  of  tools  aud  arrow-beads,  for  the  ground 
all  around  is  thickly  stvewn  with  tools,  chippiogs,  and  arrow-heads,  some 
of  the  latter  made  of  beftntifbi  stones  and  of  the  most  exquisite  work- 
manship. Within  the  space  of  au  acre  or  two  we  have  found  about  a 
hundred  arrow-heads  and  ten  axes  and  hammers.  The  Indians  seem 
to  bsve  carried  on  quite  a  trade  unong  themselves,  in  order  to  procure 
the  materials  for  arrow-head  making,  as  some  of  the  chippinga  found 
in  tbeir  encampments  are  from  stones  which  cannot  be  found  witbiu 
several  miles  of  this  place,  and  some,  I  think,  have  been  brongbt  from 
distant  localities.  AlUiongb  the  Indians  used  several  kinds  of  stone  in 
the  mannfaetnre  of  arrow-beads,  yet  they  seem  to  have  bad  a  preference 
for  qnartzite,  chalcedony,  and  jasperized  wood,  probably  on  account 
of  their  superior  hardness,  and  may  have  made  others  from  handsomer 
bat  less  durable  stones  only  for  purposes  of  barter,  as  the  Indians  of 
Catifomia  exchanged  arrow-heads  made  of  bottle-glass. 

Tbe  following  minerals  wore  employed  in  the  manufacture  of  tools : 
mosa-agate,  chalcedony, caroelian,  wood-opal,  sapphirioe, petrified  wood, 
flint,  red  jasper,  brown  qnartzite,  agatized  wood,  obsidian,  yellow  qnartz- 
ite, purple  and  yellow  jaspers,  smoky  quartz,  cbert,  jasperized  wood, 
red  qnartzite,  besitles  sovcral  undetermined  silicates.     While  speaking 
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of  the  eocampments,  it  will  be  veil  to  describe  some  of  the  most  promi- 
nent Indian  implements  fonod  in  this  oeigbborhood,  becanse  we  may 
safely  say  (if  we  escept  a  few  scattered  tools  and  an  occasional  arrow- 
head lost  in  banting)  that  they  are  all  to  be  found  in  these  places.  The 
most  abandant  implements  are  cbipping-axes,  hammers,  ekin-scrapers, 
mortars,  aod  pestles,  but  others  occur  to  which  we  are  unable  to  apply 
names,  owing  to  oar  ignorance  of  their  former  uses.  The  chipping-axes 
are  asaally  made  from  pieces  of  quartzite,  worn  or  chipped  down  to  an 
edge,  and  were  most  probably  employed  in  chipping  out  flint-flakes  to 
be  nsed  afterward  in  the  manufacture  of  weapon-points.  The  hammers 
are  simply  oval  stones,  sometimes  grooved  on  one  or  more  sides,  for  the 
purpose  of  attaching  them  to  handles.  The  skin-scrapers  found  in  this 
vicinity  do  not  differ  much,  if  at  all,  from  those  procured  in  other  local- 
ities. The  so-called  "  corn-mills"  consist  of  a  flat  slab  of  rock  coubuning 
on  its  upper  surface  an  oval  depression,  and  a  roundish  stono  supposed 
to  be  a  pestle.  These  mills  were  probably  used  in  pulverizing  roots,  aai 
perhaps  corn,  although  I  hardly  think  the  Indians  of  this  section  culti- 
vated corn,  or  any  other  sort  of  grain.  Sometimes  small  pieces  of  fine- 
grained quartzose  rock  are  found,  which  appear  to  have  been  used  io 
polishing  or  sharpening  weapons.  A  friend  of  mine  states  that  he  found 
near  Idaho  Springs  an  earthem  jar,  a  foot  below  the  surface,  containing 
a  quantity  of  reddish  paint,  and  I  have  found  at  the  encampment  at 
Apex  small  pieces  of  a  reddish  colored  sandstone,  which,  on  being  wet 
and  rubbed  on  the  flesh,  leaves  a  slight  red  stain.  1  have  been  Informed 
that  the  Indians  used  it  for  paint,  bnt  I  hardly  think  this  can  be  the 
case,  as  the  sandstone  is  quite  gritty  and  would  scratch  the  flesh  consid- 
erably. The  Indians  probably  bad  many  other  tools  besides  those  which 
I  have  mentioned,  but  being  composed  of  wood,  or  of  some  other  perish- 
able material,  they  have  decayed.  There  are  said  to  exist  in  some 
localities  large  circular  depressions  in  the  ground,  where,  according  to 
old  settlers,  the  Indians  were  in  the  habit  of  holding  war-dances.  On 
the  top  of  a  steep  bluff  near  South  Table  Mountain  is  a  semioircalar 
wall  of  basaltic  bowlders  about  20  feet  in  length  and  a  foot  or  two  in 
height,  and  as  the  bluff  on  which  this  wall  is  situated  is  in  the  center 
of  a  large  prehistoric  encampment,  it  may  have  been  used  as  a  breast- 
work for  the  purpose  of  defense.  On  the  side  of  a  steep  bill,  near  Oreeu 
Mountain  is  what  appears  to  have  been  an  Indian  road ;  a  path  about  a 
yard  iu  width  has  been  made  by  clearing  away  the  stones  from  the  side 
of  the  hill  and  placing  them  as  a  border  on  either  ude.  For  tbe  greater 
part  of  its  course  the  path  goes  straight  np  and  down  the  bill,  bnt  near 
the  bottom  of  the  hill  it  takes  an  abrupt  turn,  making  neftrly  a  right 
angle  with  its  former  course. 
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By  Mosca  Sthono,  </  Mineral  Foi»t,  Wit. 

Traces  of  tbe  monad-bailders  are  found  extending  nortUward  in 
Dana,  Barron,  Folic,  Burnett,  and  Douglas  Couuties.  Tbe  localities, 
bowerer,  are  doC  uumeroas,  and  tbo  mounds  are  usually  circular. 

GommeDcing  iu  tbe  territory  sontli  of  that  above  indicated,  tbe  mopnd 
shown  iu  Fig.  1  was  observed  a  abort  distance  west  of  the  village  of 
Orion,  iu  Bichland  (Jouoty.  It  is  situated  on  tbe  eontbeast  quarter  of 
section  35,  township  9,  range  1  west,  on  a  low,  sandy  ridge,  whiclt  sep- 
arates tbe  Wisconsin  and  Eagle  Bivers;  and  about  a  quarter  of  a  mile 
northwest  of  it  is  the  mound  shown  iu  Fig.  2. 

It  is,  perhaps,  an  open  question  whether  these  mounds  are  efiSgies  of 
men  or  birds,  bat  after  a  careful  esamioation  of  them  and  of  many  others, 
I  incline  to  think  they  are  representations  of  the  human  form. 

So  moch,  and  so  much  only,  of  the  article  of  Mr.  Strong,  on  tbe  pre- 
historic mounds  of  tbe  western  part  of  Wisconsin,  bad  been  written  by 
him  before  the  1st  of  August,  1877.  On  tbe  18th  of  that  month,  while 
engaged  in  the  prosecution  of  his  geological  researches,  he  was  drowned 
in  the  Flambeau,  a  branch  of  the  Chippewa  River,  leaving  unfinished 
tbe  article  of  which  he  had  commenced  tbe  preparation.  Tbe  field-book 
left  by  him  contains,  howeTcr,  the  notes  of  bis  examinations  of  several 
mounds,  with  rough  {tencil  sketcheaof  their  forma  and  dimensions.  These 
notes  and  sketches  being  in  my  possession  as  his  father  aud  administra- 
tor, I  have  had  drawings  prepared  representing  tbe  mounds,  which,  with 
copies  of  the  original  field-notes  explanatory  of  them,  are  herewith  sub- 
mitted. 

Fig.  3  is  a  sketch  representing  mounds  near  Waozeka,  in  Crawford 
Coanly,  which  are  referred  to  in  the  field  notes,  as  follows;  "The  fol- 
lowing shows  a  number  of  mounds  near  Wauzeka.  There  is  only  one 
which  is  at  all  remarkable  in  appearance;  the  rest  are  tbe  nsnal  round 
and  straight  monnds.  Tbe  large  one  has  been  excavated  in  three  places 
and  scraped  away  on  its  western  end.  It  seems  to  consist  principally  of 
sand.    Examined  May  31, 1875.'' 

The  accompanying  pencil-sketch  (Fig.  4]  was  made  by  Mr.  Strong,  on 
ascaleof  120feettotheincb,fromhis  notes,  and  is  given  as  he  prepared 
it,  instead  of  attempting  to  make  another  draught. 

All  that  is  contained  iu  tbe  field-notes  concerning  this  group  is  written 
upon  the  margin  of  a  sketch,  and  is  in  these  words ;  "  Map  of  mounds 
at  Hazen's  Comers,  on  tbe  Black  Biver  road,  made  Jone  5, 1875,  in  K.  E. 
i  sec.  35,  T.  8,  B.  6  W.  The  mounds  lie  in  tbe  brush  and  woods,  on  the 
crest  of  the  ridge." 

Tbe  sketch  of  Fig.  6  was  also  made  by  Mr.  Strong,  in  pencil,  and  is 
given  as  he  prepared  it,  together  with  the  following  In  relation  to  it, 
which  is  all  the  field-notes  contain  :  "  N.  E.  i  of  sec  21,  T.  8,  B.  d  W. ; 
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lies  on  crest  of  ridge  aloDe.    Saw  several  long,  straight  motmds  on  crest 
of  ridge  io  N.  W.  i  of  sec  21." 
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The  accompanying  drawing  (Fig,  6)  was  taken  by  tracing  fh>ni  the 
sketch  made  in  the  field,  and  the  proportions  are  probahly  not  exact, 
bat  can  be  corrected  by  the  dimensions  marked  upon  it. 
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The  fleld-uotcB  accompanying  this  drawing  are  as  fol- 
lows :  ''  MaD'Sbaped  mound  in  K  W.  i  of  sec  21,  T.  8,  R.  G 
W. — very  sbort  legs,  thick  body,  and  long  arms.  Tbere  are 
tbree  more  exactly  similar  to  Ibis,  a  little  futtbei  west  iu  a 
ploaghed  field."  Then  follow  in  the  field-notes  rnde 
sketches  of  the  three,  without  dimensions,  of  which  trac- 
inga  are  given  (Figs.  7,  8,  and  9),  and  the  only  notes  are 
as  follows  :  "Three  effigies  in  a  ploogbed  field." 

The  next  two  drawings  (Fig.  10  and  II)  are  pencil- 
sketches  of  bird'fflouuds  made  by  Mr.  Strong,  on  a  scale 
(No.  10,  of  60  feet  to  an  inch,  and  No.  11  of  60  feet  to  an 
inch).  The  following  remarks  in  relation  to  these  monnds 
is  all  the  information  that  the  field-notes  snpply : 

"  Bird-mouud  io  8.  E.  ^  of  sec.  19,  T.  8,  R.  6  W.    Ifo.  10." 

"  No.  10  lies  abont  50  feet  N.  E.  of  No.  11,  and  is  SO  feet 
from  tip  to  tip  of  the  wings." 

"  No.  11  is  a  biid.  Lies  oo  crest  of  ridge  on  end  of  it, 
toward  the  Miss.  Biver,  where  the  ridge  splits  ap." 

The  field-notes  contain  tbe  followiog  in  this  connection  : 
■'  The  creek  whk-h  rans  through  sees.  27,  28,  20,  30,  T.  8, 
B.  6  W.  forms  a  little  table  about  a  mile  above  its  moatfa, 
which  is  covered  with  moands,bnt  so  overgrown  with  brush 
that  it  is  hard  to  make  them  out  The  valley  is  narrow 
and  walled  in  with  clif&of  lower  magneeiao  limestone  200 
feet  thick,  Potsdam  sandstone  does  not  appear.  Timber 
in  this  part  of  tbe  country  is  scattering  white-oak." 

Tbe  next  drawing  (Fig.  12)  is  made  A:om  a  sketch  iu  the 
field-notes. 

In  reference  to  this  drawing  (Fig.  12)  the  fleld-notee  con- 
tain the  following:  "Monday,  June  7. — Monnds  on  the 
Black  Biver  road  on  S.  E.  J  sec.  24,  T.  8,  B.  6  W.  Mounds 
a  are  covered  with  growth  of  small  black  oak.  Two  hundred 
feet  east  of  No.  12  is  a  straight  mound  250feet  long — course 
N.E." 

The  accompanying  drawing  (Fig.  13)  is  taken  fh>m  a 
field-sketch,  made  by  Mr.  Strong  in  his  field-notes,  and  tbe 
other  (Fig.  14}  is  intended  to  be  like  it.  The  field-notes  cod- 
tain  the  following:  "Fifteen  feet  N.  E.  of  No.  13  is  another 
exactly  like  it,  situated  in  the  same  way.  They  lie  25  feet 
S.  E.  of  Black  Biver  road." 

From  tbe  field-notes  it  is  evident  that  these  two  mounds 

(Figs.  13  and  14)  are  in  the  east  half  of  section  24,  township 

8,  range  6  west. 

Hie  next  drawing  (Fig.  15)  is  made  fix>m  a  field-sketch,  which  is 

Mcompanied  by  the  following :  "  3.  W.  J  sec.  19,  T.  8,  E.  6  W.   No.  15 

lies  about  one  mile  beyond  No.  13,  on  the  north  side  of  the  road.*' 

16  8  .Google 


ANTIQUITIES  IN  WISCONSIN. 


rigf.a 


Fir.  9. 


rig',  1 1. 


b,Google 


iBnqmriES  in  wiscohsqt. 
t\s.  12. 


Fiff.tt 


AHTIQUITIES  IS.WISCOHBm: 


sdbyGoogle 


HOUNDS  IN  WISCONSIN. 

Tbe  field-notes  contain  the  followiDg :  "  Tharaday, 
June  10.— The  ridge  in  sec  26,  T.  9,  B.  6  W.,  is  very 
narrow  and  steep  on  each  side.  Bidge  is  not  orei 
thirty  yards  wide,  and  tbe  crest  has  nnmeroos  long, 
straight  moands  on  it  conforming  to  it.  The  view 
ftom  here  is  very  fine.  The  monnd-bnilders  chose  tbe 
ends  of  the  ridges  overlooking  the  Miss.  Biver  fot  their 
mounds.  Saw  a  maD-sbaped  monnd  near  ^  post  be- 
tween sees.  SO  &  35,  T.  9,  R.  6  W." 

Fig.  16  is  a  pencil-sketch  drawn  by  Mr.  Strong  fiom 
the  sketch  contained  in  his  field-nates: 

The  field-notes  contain  tbe  following  in  relatioo  to 
the  drawing  (Fig.  16)  : 

"  On  tbe  man-efflgies  the  body  and  breast  balge  np 
^  J — I  mnch  higher  than  tbe  rest  They  look  like  a  maa 
-loe-s — J  lying  OQ  Ilia  back.  Monnds  all  about  throe  feet  high. 
/  — ^  Arms  and  legs  on  these  moands  abont  ten  feet  wide. 
'  Mounds  in  S.W.  i  sec.  26,  T.  9,  B.  6  W.,  on  crest  of 

ridge." 

«  Saturday,  Jane  12.— Went  with  Dr.  Wight  (Dr. 
O.  W,  Wight,  then  chief  geologist)  and  father  and 
George  (Geo.  HavenJ  assistant),  and  dug  up  mound 
(B,  Fig.  10).  The  mound  was  made  of  clay,  and  easy 
digging,  Fonnd  in  bottom  a  thin  stratum  of  hard 
clay,  with  a  whitish  substance  which  may  have  been 
decayed  bones." 

Tbe  accompanying  drawing  (Fig.  17)  is  made  from 
a  sketch  fonnd  in  the  field-notes. 

The  field-notes  contain  the  following  in  relation  to 
this  monnd  (Fig.  17): 

"Man-mound  on  west  fork  of  the  Kickapoo  Biver, 
in  N.  W.  i  sec.  27,  T.  12,  E.  3  W." 


IBS  HOrSDB  AND  OSTEOlOfll  OF  TEG  MOCND-BUILDEBS  OF  VISCOHSI^T. 

By  J.  N.  DbHart,  M.  D.,  of  itmdola,  Wii. 

Along  the  northern  and  eastern  shores  of  Lake  Mendota,  or  Lake  of 
tlie  Oieat  Spirit,  as  it  was  called  by  tbe  aborigines,  many  monnds  are 
Coand,  whose  ontlines  are  quite  distinct,  and  represent  the  bear,  deer, 
squirrel,  and  other  animals,  while  a  few  of  them  imitate  birds  of  various 
kinds.  Some  of  tbe  latter  resemble  tbe  eagle,  and  are  of  very  large 
dimensions.  There  are  three  monnds  of  this  character  in  close  pros- 
imity  to  each  other;  tbe  body  of  the  largest  bird  measarea  100  feet  iu 
length,  and  30  feet  in  width  at  tbe  junction  of  its  wings;  while  its  tail 
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expaods  to  the  vidth  of  40  feet,  and  the  wings  are  each  300  feet  long. 
The  head  is  perfectly  formed,  so  that  the  beak  is  qoite  distioct,  and 
measares  15  feet  iu  length.  The  other  two  eagles  are  somewhat  smaller 
in  all  of  their  dimeuBioiis,  Kear  the  left  wings  of  two  of  these  birds, 
tbe  form  of  a  deer,  3  feet  in  height,  is  easily  recognized.  The  body  of  | 
tbe  deer  is  65  feet  long,  and  the  legs  messare  14  JeeC  in  length ;  the  I 
bead  measares  12  feet  from  the  tip  of  the  nose  to  tbe  origin  of  the 
aDtlers.  These  latter  are  each  10  feet  long,  with  branches  extending  at 
Dearly  right  angles  from  their  center.  Near  the  right  wing  of  the  third 
bird  is  the  form  of  a  bear. 

In  Sank  Coanty,  one  moand  ia  made  in  the  form  of  an  animal,  which 
also  resembles  a  sqnirrel,  whose  body  is  160  feet  long,  with  a  remark* 
ably  long  tail,  measnring  320  feet. 

Dr.  Lapham,  in  his  "  Antiqnities  of  Wisconsin,"  describes  a  moand 
which  represents  a  tartle  measnring  6  feet  in  height,  66  feet  in  length, 
with  a  caadal  appendage  250  feet  long.  Another  ancient  mound  is  in 
the  form  of  a  night-hawk,  whose  expanded  wings  measnre  240  feet  in 
length. 

While  many  of  the  ancient  moands  represent  different  kinds  of  ani- 
mals and  birds,  others  are  circnlar  in  form,  and  a  few  are  oblong. 

I'bere  are  seTeral  ancient  monnds  located  apou  the  northeastern 
shore  of  Lake  Mendota  and  on  the  lawn  of  the  former  residence  of 
Bt-QoTemor  Farwell. 

The  largest  of  these  moands  is  circnlar  in  form,  and  measares  188  feet 
in  drcnmference  and  36  feet  £rom  the  base  to  its  summit.  It  is  elevated 
90  feet  above  the  lake,  and  was  tbe  first  explored.  It  is  the  highest  of 
all  the  monnds  in  this  groap,  and  located  in  a  central  position.  From 
its  elevated  site  it  coold  have  been  used  for  observation  and  as  a  means 
of  commanication  by  signal  with  other  monnds  in  tbe  adjacent  country, 
llie  view  firam  its  summit  extends  &om  8  to  10  miles  in  all  directions. 

In  commencing  the  explorations,  it  was  decided  to  sink  a  porpendicn- 
tar  abaft,  abont  6  feet  sqaare,  through  the  center  of  the  moand  from  the 
apex  to  tbe  bottom.  After  removing  tbe  snrface,  a  rich  black  earthy 
similar  to  what  is  found  along  the  shore  of  the  lake  wbeie  muck  accuma- 
lates  or  on  tbe  prairie  bottom,  was  encoantered  to  the  depth  of  5  feet. 
At  this  depth  and  on  tbe  western  side  of  the  shaft  stones,  composed 
of  magaesiao  lime  and  yellow  and  red  sandstone,  were  foond.  Below 
thialayer  of  earth  there  was  a  bed  of  yellow  clay  4  feet  iu  depth,  through 
wbicb  a  coarse  of  similar  stones  was  found,  arranged  in  a  circnlar  man- 
ner, and  passing  off  toward  the  opposite  side  of  the  shaft.  Some  of 
these  stones  were  quite  large,  and  presented  a  flat  surface,  while  a  few 
of  them  bore  indications  of  having  been  broken  from  the  stratum  of  lime> 
stone,  which  ia  fonud  just  below,  along  the  shore  of  the  lake.  These 
had  been  woru  quite  smooth  iu  places  by  the  continual  washing  of  the 
water.  Beneath  tbe  bed  of  yellow  clay  a  course  of  rich  earth,  similar 
to  the  first  layer,  was  foaod.    This  deposit  was  4J  feet  iu  depth.    After 
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removing  two  feet  of  this  ooarse,  some  ashes  were  fonnd  lying  qaite 
Dear  the  layer  of  stones  preTioa^y  described.  Charcoal  and  decayed 
wood  in  small  qnantities  were  anearthed  ;  also  a  few  sheila  and  small 
pieces  of  flint  The  earth  was  very  dry  and  aaderneath  the  stones  was 
very  hard,  and  bad  the  appearance  of  having  been  baked.  Another 
foot  of  earth  was  removed,  when  the  skelebui  of  an  adult  monnd-bailder 
was  discovered  at  the  sontheastern  comer  of  the  shaft,  in  a  sitting 
l>OBtare,  resting  apon  a  nataral  bed  of  yellow  clay.  Several  pieces  of 
the  cranium,  the  inferior  maxillary,  vertebra,  ribs,  and  bones  of  the  ex- 
tremities were  fonnd,  bnt  none  of  them  where  wholly  pwfect.  There 
was  a  mold  in  the  earth,  in  which  the  sknll  had  lain,  bat  only  pwlions 
of  the  bones  were  fonnd.  The  body  of  the  inferior  maxillary  was  very 
large.  The  vertebne  were  larger  than  those  of  the  present  human  type, 
and  the  right  humeriia  was  perforated  at  its  inferior  extremity,  l^e 
I)erforation  on  the  anterior  surface  of  thebone  is  sarronoded  by  a  gradn- 
ally -receding  border  or  margin.  This  bone  is  no  doubt  of  great  antiquity, 
»nd  is  very  mnch  decayed,  the  superior  extremity  having  disappeared. 
In  no  case  did  I  find  any  of  the  long  bones  wholly  perfect,  bat  all  of 
them  were  broken  near  the  center  of  the  shaft,  the  other  extremity  not 
being  found.  It  is  hardly  probable  that  this  ia  dae  to  decay,  bat  as 
others  have  previously  stated,  may  point  to  some  superstitions  rite  or 
cnstom  connected  with  the  sepnitnre  of  the  dead.  This  was  the  only 
liumerus  found  with  either  extremity  in  a  nearly  perfect  condition. 
Two  small  sections  of  the  shaft  of  the  other  hnmeraa  were  removed 
from  the  tumulus,  bnt  they  did  not  present  any  anomaly. 

The  shafts  of  tea  tibiffi  found  in  this  mound  presented  a  remarkable 
flatness.  In  comparing  the  specimens  found  near  Lake  Mendota,  in 
moaud  So.  1,  with  those  reported  by  Mr.  Oillmau  (see  Iteport  1873), 
I  find  they  are  very  similar;  and  while  his  measure  -^^^  of  an  inch  in 
comparing  their  antero-posterior  diameter  with  the  transverse  diameter, 
my  specimens  measure  -^  of  an  inch  in  the  same  diameter. 

The  bones  of  the  cranium  crumbled  into  many  pieees  when  removed, 
and  could  not  be  put  together  so  as  to  give  a  proper  idea  of  its  conforma- 
tion and  strnotnre. 

Underneath  the  remaius  of  this  monnd-bnilder  were  a  few  inches  of 
black  earth,  the  removal  of  which  revealed  a  course  of  stones  similar  to 
those  found  elsewhere  in  the  monnd.  These  stones  lay  npon  a  nataral 
bed  of  yellow  ciny.  As  there  were  no  evidences  that  it  had  ever  been 
disturbed,  and  being  below  the  level  of  the  surrounding  ground,  it  was 
not  thought  best  to  continue  the  shaft  any  deeper. 

A  drift  was  then  made  into  the  side  of  the  mound,  about  3  feet  above 
the  level  of  the  surrounding  surface,  and  to  the  width  of  8  feet.  After 
removing  several  feet  of  black  earth,  a  similar  oonrae  of  stones,  as  pre- 
vioasly  described,  were  found ;  charcoal,  ashes  and  decayed  wood  were 
discovered  near  them.  On  continuing  the  drift  toward  the  center  of  the 
tumulus  and  near  the  shaft  previously  sunk,  the  remains  of  the  skeleton 
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of  a  yoang  monDd-baild^  were  foand,  probably  not  more  than  Bix  years 
of  age,  and  in  a  sitting  poBtore.  Only  a  f«v  pieces  of  the  cranii^m,  sev- 
eral vertebrffi,  portions  of  tbe  long  bones  of  the  extremities,  and  tbe  sa* 
perior  and  inlwior  maxillary  vere  found.  Several  taetb  vere  still  in  tlw 
alveolar  piocesa  of  tbe  soperior  maxillary.  Mviy  pieces  of  flint,  a  few 
shell  beads,  and  two  fossil  teeth  of  some  animal,  aboat  oDe  incb  and  a 
balf  long,  were  taken  from  tbe  same  Ticinity.  Abont  one  foot  from  these 
remains  three  pieces  of  ancient  pottery  were  diseovered.  The  largest 
piece  measnred  4J  by  5^  inches,  and  bore  indicatioDS  of  having  been 
part  of  the  bottom  of  an  earthen  bowl.  It  was  smooth  on  the  inner  sur- 
face, and  marked  externally  by  obliqae  lines,  such  as  are  freqneotly 
fboad  npon  t^e  ancient  pottery  of  the  moond-bnilders. 

Tbe  drift  was  continned  toward  tbe  center  of  tbe  tamulna  as  fur  as  the 
shaft  and  then  downward  to  tbe  natural  bed  of  yellow  clay.  Jnst  before 
reaching  the  shaft,  and  after  removiog  a  course  of  magneaian  limestone 
and  yellow  and  red  sandstone,  a  few  bones  of  the  cranium  and  portions 
of  the  long  bones  of  another  adult  mound-builder  were  fonnd.  These 
were  all  that  remained  of  this  skeleton. 

Many  flat  atones  were  fonod  below  the  skeleton,  upon  which  lay  char- 
coal, ashes,  and  decayed  wood.  Large  pieces  of  flint  were  quite  nuiner- 
ona  Id  this  vicinity.  Some  of  the  atones  had  been  exposed  to  such 
intense  heat,  that  they  crnmbled  to  pieces  oD'handling  them.  At  the 
iunction  of  the  drift  and  the  perpendicular  shaft  a  pillar  of  earth  was 
encountered.  On  removing  this,  a  few  bones  of  tbe  foot  of  the  first  skele- 
ton were  found,  together  with  large  quantities  of  ashes,  charcoal,  decayed 
wood,  and  flints.  A  flat  disk  of  stone,  one-fonrtb  of  an  incb  in  thickness 
and  4  inches  in  diameter,  was  removed  from  the  earth  forming  the  pillar. 
Similar  stone  disks  have  been  met  with  in  other  ancient  monuds,  and 
are  supposed  to  have  been  nsed  by  them  in  playing  games. 

HoQod  So.  2,  circular  in  form,  and  located  a  few  yards  from  monnd 
No.  1,  was  then  explored.  It  was  about  6  feet  high  and  130  feet  in 
circumference. 

A  drift  6  feet  wide  was  made  in  tbe  side  of  it,  on  a  level  with  tbe  snr- 
rounding  ground.  After  removing  tbe  surface,  a  layer  of  gravel  and 
pebbles  to  the  depth  of  1  foot  was  encountered,  and  at  the  summit  there 
was  a  conrse  of  snnd,  dipping  downward ;  this  was  followed  by  a  course 
of  Uack  earth  about  3  feet  deep.  Below  this  there  was  a  third  stratum 
of  gravel  and  sand ;  then  a  course  of  earth  to  the  depth  of  1  foot.  A 
thin  stratum  of  sand  was  then  removed,  which  revealed  ashes,  charcoal, 
and  pieces  of  flint  lying  npon  an  altar  of  stone  resting  upon  a  bed  of 
yellow  clay.  This  altar  was  about  1^  feet  below  tbe  natural  aurface. 
The  excavation  was  continued  1}  feet  deeper,  but  nothing  was  found. 

A  few  feet  from  tbe  summit  of  this  mound  there  was  a  tiee,  measur- 
iog  6J  feet  iu  circumference.  In  tbe  side  of  this  tree,  and  fastened  in 
the  bark,  was  a  stone  pestle.  This  had  evidently  been  carried  upward 
■though  tbe  mound  by  the  growth  of  the  tree.    The  bark  of  the  tree  waa 
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broken  aod  the  pestle  removed.    It  was  foimed  of  a  rery  bard,  gray, 
granite,  aod  measared  6  iochea  by  8  iaches. 

Owing  to  the  rapid  approach  of  cold  weather,  iio  farther  examioation 
of  these  monads  was  made.  Next  spring  it  is  my  intention  to  oontinae 
the  explorations,  aod  I  hope  to  find  more  evidences  of  the  existence  of 
this  ancient  race. 


FITfi  \T  EHBA.BBABS.  WISCOXSI.V. 

Bv  E.  E.  Bhbed,  qf  Emiarrati,  WU. 

There  is  a  series  of  pits  on  the  northwest  of  the  northwest  section  10 
and  northeast  of  the  northwest  section  10,  township  25,  range  16  east 
(town  of  Matteson).  They  are  in  an  irregular  line ;  general  direction, 
from  northwest  to  southeast;  from  4  to  6  rods  apart.  Quite  a  number 
are  in  pairs.  The  depth,  as  found  by  excavating  the  earth  that  had 
caved  in,  was  originally  from  4  to  5  feet ;  diameter,  3  feet.  In  almost 
every  instance  the  earth  was  thrown  out  on  the  southwest  side;  soil 
sandy.  A  few  years  ago  the  land  was  covered  by  a  heavy  growth  of 
timber,  princtpally  hemlock.  Trees  over  two  hundred  years  old  grew 
on  the  earth  that  had  been  thrown  ont.  The  chain  is  broken  by  a  smalt 
pond,  perhaps  10  rods  ftcross,  bat  follows  a  sandy  ridge  most  of  the 
way. 


MODNDS  IX  DBLAWABB  COVXTT.  IOWA 

Br  M.  W.  UocLTON,  o/  Montietllo,  Iowa. 

So  far  as  now  known,  the  credit  of  discovering  these  mounds  belonga 
to  Mr.  Bynerson,  of  Hopkinton,  and  the  following  brief  description  will 
convey  some  idea  of  their  size  and  relative  position;  Assuming  a  start- 
ing point  which  I  shall  call  A,  as  the  most  important  monnd  of  the 
ayatem,  from  A  in  nearly  a  westerly  oourse  is  a  row  of  mounds  ten  in 
nnmber,  exclusive  of  A.  This  row  corves  a  little  for  the  paqMise  of 
following  the  highest  land,  the  surface  descending  both  north  aod  sonth. 
Starting  again  at  A,  and  following  a  coarse  west  of  south  about  20 
degrees,  for  36  yards,  we  come  to  an  earth-work  of  coatinnous  eleva- 
tion and  40  yards  in  length.  After  an  opening  of  10  yards,  this  ele- 
vation continues  50  yards  farther,  making  a  work  100  yards  in  length, 
including  the  opening.  Leaving  the  south  end  of  the  long  earth-work, 
aud  stepping  18  yards  due  west,  then  following  a  line  parallel  with  the 
long  earth-work  54  yards,  we  come  to  the  first  of  another  set  of  mounds 
six  in  number.  These  are  in  an  exact  line.  From  the  most  soathern  of 
these,  and  extending  nearly  in  a  western  course,  is  still  another  set  of 
six.  These  are  also  in  a  straight  line.  The  north  aod  south  rows  are 
parallel  to  each  other.    It  will  be  observed  that  these  three  sets  form 
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nearly  a  hollow  square,  with  the  opening  to  the  west.  The  area  iDclosed 
ia  about  tea  acres.  Retarning  again  to  oar  starting  point  at  A,  and  par- 
saing  n  northeasterly  course,  we  find  the  most  remarkable  set  of  the 
system,  elevea  in  number,  extending  from  A  in  nearly  a  straight  line. 
This  sot,  with  the  exception  of  three,  is  almost  perfectly  preaerred,  ris- 
ing abruptly  from  a  com|»aratiTely  lerel  surface  to  a  height  of  alwut  four 
feet,  ronnd  and  symmetrical,  and  with  a  base  diameter  of  about  30  feet. 
The  system,  as  a  whole,  is  well  preserved. 


ElBTnWORKS  ON   THE  iBKAXSlS  RITEB,  8IITEEX  MILES  BELOW  LITTLE 
BOCK. 

Bt  Mrs.  Gilbert  Cnapp,  o/LUtU  Bock,  Jrk. 

When  we  came  into  possession  of  this  plantation  thirty  years  ago,  it 
was  ao  unbroken  wilderness.  We  were  attracted  to  the  place  by  the 
immense  art)fl6ial  mounds  and  a  wall  similar  to  oar  levees,  from  6  to 
10  feet  high,  inclosing  ninety  acres,  and  forming  a  half  circle  on  the 
lake  bank,  which  might  have  t>een,  at  one  time,  the  Arkansas  Biver. 
In  the  wait  are  two  openings,  both  deep  pools  of  water. 

Within  the  area,  between  the  lake  (which  is  three  miles  long)  and  the 
wall,  are  numerous  mounds,  but  only  two  of  great  size ;  the  heights  are 
Tarionsly  estimated ;  one,  which  was  called  100  feet  high,  we  have  cnl- 
tivated  for  twenty  years.  It  produces  moro  than  a  bale  of  cotton,  so 
yon  may  imagine  the  size.  As  the  years  go  by,  it  washes  away,  and 
rude  relics  are  picked  np.  It  was  certainly  a  place  of  sepnltnre,  for 
haman  bones  are  found  tier  upon  tier,  mingled  with  those  of  deer  and 
otber  animals.  They  are  of  great  age,  and  crnmble  on  being  exposed 
to  the  air. 

One  of  the  elevated  moands,  still  covered  with  trees,  sometimes  gives 
forth  a  ringing  soond  as  if  it  were  hollow,  when  wagons  are  driven  round 
it.  These  two  larger  mounds  are  situated  sixteen  miles  southeast  of 
Little  Bock,  in  the  alluvial  valley  of  the  Arkansas,  where  the  black 
deposit  is  10  feet  deep,  and  no  stones  or  pebbles  exist  naturally ;  bat 
the  bygone  race  who  made  it  their  home,  brought  crystals,  flints,  jasper, 
granite,  and  sandstone  from  Hot  Springs. 


AXTIftUITIES  OF  KANSAS  CITT,  HISSOVRI 

By  W.  H.  B.  LtkejB,  (tf  Eanttu  CUj/,  Mo. 

We  have  lately  made  a  discovery  here  of  a  number  of  Indian  monnds 
which  are  evidently  of  great  antiquity.  They  are  situated  on  the  north 
side  of  the  Missouri  Biver,  in  the  angle  of  the  Great  Bend,  npon  the 
high  bluffs  commanding  a  view  of  the  country  about  the  month  of  the 
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Kaasas  Bivor,  directly  opposite.  Tbe^  are  foand  for  several  miles  np 
Aud  down  tbe  river,  scattered  io  gronps  of  three  aod  five.  They  are  of 
two  kinde,  one  made  entirely  of  earth,  tbe  other  has  ao  interior  con- 
tiiruction  of  stone,  bat  oatwardly  tbey  ore  all  similar  in  appearaaw. 
They  are  of  an  irregnlar  oval  ebape,  at>oat  60  or  73  feet  in  length  at  tbe 
base,  aod  from  4  to  6  feet  high.  All  have  bad  a  heavy  growth  of  tim- 
ber oil  them.  On  the  apex  of  one,  a  stone  monnd,  I  noticed  a  large 
burr  oak  abont  5  feet  in  diameter,  and  on  another,  tbe  decayed  stump 
of  a  black  waloat  about  the  same  size. 

We  have  not  yet  made  any  extended  investigation  of  these  monnds, 
but  examined  partially  one  gronp  of  five,  three  of  which  were  of  eartli 
and  two  of  stone  and  earth.  In  the  center  of  No.  1,  an  earth  moaod, 
at  a  depth  of  abont  five  feet,  we  foand  a  hnman  skeleton,  lying  north 
and  soatb,  with  its  face  to  tbe  east.  The  bones  were  so  fragile  that 
we  conld  only  get  them  ont  in  fragments.  Tbe  skall  fell  to  pieces  as 
soon  as  exposed  to  the  air ;  we,  however,  saved  tbe  frontal  bone  in 
tolerably  good  condition.  We  did  not  notice  any  very  marked  pecnliar- 
ity  as  to  these  bones  except  their  great  size  and  thickness,  and  the  great 
prominence  of  tbe  snpraciliary  ridges.  Tbe  teeth  were  worn  down  to 
a  smooth  and  even  sarface.  The  next  one  we  opened  was  a  stone  monad. 
On  clearing  off  the  top  of  this  we  came  opon  a  stone  watt  inclosingaa 
area  nboot  8  feet  square,  with  a  narrow  opeoing  for  a  doorway  or  en- 
trance on  tbe  south  side.  The  wall  of  this  inctosare  was  abont  2  feet 
thick ;  tbe  inside  was  as  smooth  and  compactly  built  and  the  cor- 
ners aa  correctly  sqnared  as  if  constmcted  by  a  practical  workman. 
Ko  mortar  had  been  used.  At  a  depth  of  about  2  feet  from  the  top 
of  the  wall  we  fonnd  a  layer  of  five  skeletons  lying  with  their  feet 
toward  the  soath.  The  bones  were  in  the  same  condition  as  those 
of  No.  1.  We  saved  two  or  three  of  tbe  sknlls  in  a  tolerable  condition, 
by  coating  them  with  thick  varnish  as  soon  as  exposed.  Wo  did  not  go 
any  deeper  in  this  monnd ;  bnt  there  are  probably  other  layers  of  bones 
beneath  the  ones  we  uncovered.  Monnd  No.  3  was  also  a  stone  mound, 
and  contained  a  stone  wall  inclosing  a  room  about  the  same  size  as  that 
in  No.  2,  but  was  built  in  a  very  rough  manner  as  compared  with  the 
other.  Wo  removed  the  earth  of  about  half  of  this  inclosnre,  but  found 
noting  inside  bnt  a  mass  of  charcoal,  ashes,  and  burnt  hnman  bones. 
The  walls  and  earth  aronnd  them  appeared  to  have  been  subjected  to 
long-continned  heat,  and  the  place  bad  evidently  been  used  for  crema- 
tion or  sacrifice.  No.  1  was  a  very  large  eartb  mound.  In  the  center 
of  this,  at  a  depth  of  four  feet,  we  found  a  small  pile  of  loose  stones 
-covering  a  few  handCuls  of  broken  and  calcined  human  bones,  too  frag- 
mentary to  make  anything  oat  of  them.  This  was  tbe  extent  of  our  ex- 
plorations at  this  time.  No  fiint  implements,  pottery,  or  any  other 
relics  were  found  with  the  bones.  A  farmer  living  in  the  vicinity  reports 
having  ploughed  up  a  tot  of  pottery  ;  bnt  it  was,  unfortunately,  all  do- 
titroyed  by  his  boys,  who  threw  it  on  a  burning  log  heap  to  see  if  it 
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voald  "  stand  Are."  No  fliats  »rb  fonod  on  the  sarface  in  the  neigh- 
borhood of  the  moonds ;  bnt  the  tarmers  eay  that  when  their  flelda  be- 
come old  and  worn  the  pioagb  often  tarns  them  op  from  the  yellow  clay 
beneath  the  soil.  A  few  nide  stone  axes  and  anx>w-heads  were  found 
in  the  rarines,  where  they  had  been  washed  one  of  the  bank,  A  gen- 
tleman, living  near  the  mounds  we  opened,  has  a  spear-bead,  which  hu 
fonnd,  when  digging  a  foundution  for  bis  boose,  at  a  depth  of  over  3 
feeC  His  hoaee  is  situated  on  one  of  the  highest  points  in  this  locality. 
Iq  OQr  excaraUons  into  the  monnds  we  did  not  find  any  of  the  black 
snrface-soil  which  covers  the  land  here  j  the  earth  was  entirely  homo- 
geaeoas,  and  was  of  the  loess  or  bluff  formation  which  covers  these  hills. 
Xbe  monads  bave  the  same  depth  of  soil  on  them  as  the  sarrounding- 
sar&ce,  and  there  is  no  trace  of  any  pita  or  depressions  from  which  th*^ 
earth  might  have  been  taken  to  construct  them. 


THS  HODSS-BCriLDKBS  U  THE  BOCK  BITBB  VALLIT,  lUIKOIS. 

Br  Jambs  Shaw,  of  Mount  Carroll,  III. 

That  part  of  the  State  of  Illinois  called  the  Kock  River  country  is,  in 
many  respects,  one  of  the  most  interesting  portions  of  the  great  North- 
west. 

The  early  settlers  and  explorers  fonnd  this  valley  thickly  peopled  with 
Indian  tribes,  who  regarded  it  as  a  favorite  bunting  and  Ashing  groond. 
Black  Hawk  and  his  brother,  the  Prophet,  here  made  their  last  desper- 
ate straggle. 

Those  remains  which  can  hardly  be  called  prehistoric,  snch  as  tho 
latur  Indian  tribes  and  the  early  French  explorers  left,  will  be  dismissed 
with  a  passing  notice.  In  some  localities,  the  early  settlers  well  remem- 
ber the  evidences  of  an  Indian  cultivation  of  the  soil,  where  well-de- 
flned  hillocks  in  parallel  rows  marked  the  old  corn  fields.  Immediately 
east  of  Bock  Island,  and  at  various  places  in  the  rich  allavial  bott^tm 
lands,  these  were  fonnd  perfectly  distinguishable.  They  are  mostly 
worn  away  now  by  the  rains  and  subsequent  cultivation.  The  writer 
has  also  an  iron  lance-head,  picked  up  many  years  ago  on  the  prairies 
of  this  county,  whose  wooden  shaft  was  well-nigh  rotted  away,  evi- 
dently nsed  by  the  Indians  in  spearing  the  bufi'alo,  when  they  pasture<l 
ou  our  prairies.  In  several  tooallties  old  decayed  camp  kettles,  of  brass 
or  zinc,  have  been  fonnd  bnried  near  the  edg<:s  of  streams,  which  were 
evidently  nsed  by  the  early  explorers  and  voyageurs  before  tbe  ooontry 
was  settled  by  white  men.  Two  of  these  were  recently  fonnd  near  the 
banks  of  Bock  Biver,  between  Dixon  and  Sterling,  and  are  now  in  the 
collection  of  Dr.  Everett,  of  the  former  city. 

There  is  also  abundant  evidence  that  this  Bock  River  oonntry  was 
densely  peopled  by  tbe  mound-builders.    They  have  left  their  lemaius 
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everyvbere,  on  all  its  most  beantifal  spota.  Stooe  implements,  copper 
weapoDs  and  ornameote,  and  the  remains  of  their  plastic  art  are  also 
froqueDtly  found. 

The  antiquities  of  that  portioD  of  Bock  Biver  flowing  throagh  the 
State  of  WiscoDsio  and  of  the  Wiscoosiu  coootiea  lying  immediately 
north  of  this  part  of  the  State  of  Illinois  have  been  fully  deacribed  by 
Mr.  Lapham,  Id  Yol.  YII  of  the  Smithsooiaa  Cootribations  to  Knowl- 
edge. But  the  antiquities  of  the  Southern  Bock  Biver  Valley  and  of 
Northwestern  IlIlDOis  yet  remain  comparatirely  onknown. 

It  ia  the  design  of  the  writer  to  indicate  briefly  the  character  and  ex- 
teut  of  the  works  of  the  mound-bntlders  in  this  region  of  Illinois. 

The  first  thing  to  be  noticed  is  the  contrast  between  the  character 
of  the  remains  found  bere  and  those  of  Wisconsin  and  the  Ohio  Valley. 
The  animal  figures  and  efBgies  of  the  former  State  are  almost  waating 
here.  With  the  exception  of  a  large  tnrtle  mound  within  the  limits  of 
tbe  city  of  Bockford,  and  a  few  rude  serpent-shaped  structures  in  an- 
other part  of  the  district  examined,  the  mounds  are  round  or  oblong  in 
form.  Nothing  like  the  great  field-works,  fortifications,  and  sacred  in- 
cloaures  of  Ohio,  or  such  as  are  fonud  at  Aztalan,  in  Wisconsin,  exist, 
so  far  as  known,  on  or  near  tbe  shores  of  Southern  Bock  Biver.  Bat 
the  oblong  and  common  round  monnds,  some  of  them  of  large  size,  may 
be  counted  by  thousands.  The  valleys  of  tbe  Fox  and  Wisconsin  Kivers, 
not  a  great  distance  from  us,  are  very  similar  to  this  section  of  country 
iu  their  physical  geography,  Tbe  upper  valley  of  Kock  Biver  very  much 
resembles  the  lower;  tbe  mound-builders  swarmed  over  them  allj  yet  the 
efflgy  mounds  are  peculiar  to  a  portion  of  Wisconsin,  and  are  bounded 
by  geographical  limits,  outside  of  which  they  are  seldom  found. 

Commencing  with  Wiuuebago  County,  the  most  interesting  remain 
is  tbe  Turtle  Mound,  witbin  tbe  city  limits  of  Bockford,  already  re- 
ferred to.  It  is  noteworthy  on  account  of  its  great  size  and  fine  pro- 
jwrtions,  but  more  so  because  it  is  tho  only  one  of  tbe  kind  on  Lower 
Bock  Biver.  It  is  generally  known  as  tbe  "  Turtle  Mound,"  but  tbe 
resemblance  to  a  headless  alligator  is  more  striking.  Tbe  following  are, 
its  dimensions:  Length,  150  feet;  width,  opposite  fore  legs,  50  feet; 
width,  opposite  hind  legs,  39  feet ;  length  of  tail,  102  feet.  The  figure 
lies  up  and  down  tbe  river,  on  a  line  almost  north  and  south,  tbe  tail 
extending  northward.  Tbe  body  rises  into  a  mound  as  high  asastaod- 
ing  man.  Tbe  feet  and  tail  gradually  extend  into  tbe  greensward. 
Tbe  measurements  across  the  body  at  tbe  legs  include  those  appendages, 
which  are  only  a  few  feet  long.  The  effigy,  whether  of  alligator,  liwd, 
or  turtle,  seems  to  be  headless,  and  no  depression  iu  tbe  sarrounding 
soil  would  indicate  that  the  materials  of  which  it  is  constructed  were 
obtained  in  its  immediate  vicinity.  Near  by  this  is  an  oblong-shaped 
mound,  and  several  round  monnds.  Tbe  oblong  mound  Is  rather  re- 
markable, 130  feet  long,  about  12  feet  wide  at  tbe  base,  and  4  ftet 
high. 
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Thus  it  will  be  seen  tbet  tbree  types  of  the  monndB  are  fonnd  in  this 
CQQoty.  Tbe  oblong  ones  are  Dot  nnmeroas.  Oircalar  monnds,  from  10 
to  15  feet  in  diameter  and  fcom  2  to  5  feet  bigb,  aboood.  An  interest- 
ing groap  of  large  ones  almofit  sarronnds  the  oblong  and  tortle  monnd 
above  referred  to.  There  ie  a  large  gronp  of  the  circular  variety  on  tbe 
north  bank  of  Bock  fiirer,  about  six  miles  below  the  city.  They  exist 
in  many  places  along  tbe  stream  in  scattered  gronps.  But  the  locality 
where  they  are  met  with  in  the  greatest  numbers  ia  on  tbe  banks  of  the 
Klsbwaokee,  in  the  soathoastem  part  of  the  connty,  near  the  couflnence 
of  the  two  streams  of  that  name.  Scores  of  them  are  scattered  abont 
here,  and  scores  more  have  been  well-nigh  obliterated  by  the  plowshares. 
This  was  a  fivoritespot  with  tbe  mound'bnilders.  Many  relics,  including 
someof  copper,  have  been  picked  np,  disinrbed  in  their  places  of  deposit 
by  continued  cultivation  and  plowing, 

Jo  Daviess  Ooonty  contains  great  nambers  of  these  monnds.  Dr.  J. 
S.  Love,  of  Hanover,  writes  me  that  there  are  from  three  to  four  hun- 
dred around  that  place,  mostly  on  or  near  the  banks  of  Apple  Bircr. 
Tbe  locality  is  one  of  wild  beauty,  and  such  as  wonld  attract  tbe  monod- 
bnilders  and  become  a  swarming  center  of  population.  Among  these 
are  two  well-marked  chains  of  fortifications — a  rather  nnnsnal  kind  of 
works  for  this  part  of  tbe  country. 

From  excavations  made  in  these  mounds  have  been  taken  many  beads; 
arrow-points  and  spears  made  from  red,  white,  and  black  chert  and  flint; 
one  large  battle-ax,  8  inches  long,  6  inches  wide,  and  2  inches  thick ; 
pestles  for  pounding  corn;  one  chisel  of  flint,  and  one  carved  stone 
pipe.  No  galena,  so  far  as  I  know,  has  been  found  in  these  monnds, 
altbougb  they  are  not  far  distant  from  the  famous  Elizabeth  diggings. 
Monnds  abound  near  this  latter  place,  but  I  have  no  special  infoimation 
of  tbeir  character  or  numbers. 

In  Carroll  Conuty  there  are  some  interesting  works  of  the  mound- 
builders.  About  two  miles  northeast  of  tbe  city  of  Mount  Carroll,  in 
tbe  BontbeTD  margin  of  Arnold's  Grove,  tbree  mounds,  of  rather  large 
size,  and  somewhat  oblong  in  sfaai>e,  stand  side  by  side.  They  wero 
opened  a  few  years  ago,  but  nothing  except  remains  of  asbes  and  char- 
coal, with  a  few  fragments  of  bones  far  gone  in  decay,  were  fonnd.  Od 
section  32,  in  the  towa  of  Woodland,  about  six  miles  west  of  Mount 
Carroll,  are  several  groups  of  mounds.  Most  ot  them  are  tbe  small, 
common,  round  monnds.  But  one  group  is  an  exception  to  this  rule. 
Some  of  these  seem  to  be  nndnisbed  works,  some  aro  circular  in  form, 
some  have  a  simple  depression  in  the  middle,  and  some  aro  the  common 
round  monnds.  Ashes  and  burnt  bones  wero  fonnd  a  few  years  ago  by 
digging  into  a  few  of  them.  Tbe  jaw-bone  and  teeth  of  a  skeleton  were 
exhumed  at  the  seme  time,  but  these  evidently  belonged  to  a  later  time. 
Tbero  is  an  old  tradition  coming  down  from  the  later  Indian  tribes  which 
once  dwelt  hero  that  these  wero  cremation  mounds.  Tbe  internal  evi- 
dences fonnd  by  digging  them  open  would  seem  to  confirm  this  braditiou. 
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Aboat  one  and  a  tialf  miles  west  of  Mount  Oarroll,  in  a  vatle?  made 
by  Carroll  Greek,  and  walled  in  b;  high  rocks,  is  a  spot  ot  gronad  filled 
witb  fragmentary  relics.  The  waters  of  the  creek  caused  a  part  of  the 
bank  to  care  in,  and  thas  the  deposit  was  first  tnvagbt  to  light  By 
excavftting  back  from  the  edge  of  the  fallen  mass,  at  the  d^tb  of  from 
one  to  two  feet,  pieces  of  pottery  qnite  artistic  in  design,  arrow-heads 
of  a  light-colored  chert  and  hard  enongh  to  cnt  tetters  on  glass,  prongs 
of  deer's  antlers  evidently  nsed  as  some  sort  of  implements,  bones  of 
animals  in  a  fair  state  of  preservation,  abundant  dint  chips,  and  char- 
coal and  burnt  stones  in  great  qaantities,  were  tound  ioolosed  io  a  black 
altavial  deposit.  This  was  evidently  a  favorite  camping  gronnd,  and 
the  refuse  of  the  kitchen  lies  buried  over  a  large  space  of  gronnd. 

In  tbe  namerous  mounds  that  might  be  refsrred  to  but  one  more  group 
will  be  noticed.  These  are  called  "  The  Moanda"  pre-eminently.  There 
are  six  or  seven  of  them,  looking  like  large  blunt-topped  hay-stacks  in 
the  distance.  They  are  located  in  the  western  verge  of  a  high  sand 
prairie,  about  two  miles  northwest  of  the  village  of  Thomson,  and  can 
be  seen  for  miles  from  the  north,  east,  or  sontb.  On  the  west  the  allu- 
vial flood  plain  of  the  Uississippi  Biver  is  abont  a  mile  and  a  half  vide, 
and  is  covered  by  a  dense  growth  of  heavy  timber.  A  running  slough, 
a  part  of  tbe  river,  washes  this  steep  sand  ridge  on  the  west,  and  passes 
close  to  the  base  of  these  mounds.  Being  situated  midway  between  Sa- 
vanna and  Fulton,  they  are  striking  objects  in  tbe  landscape.  A  rude 
stone  altar  was  found  in  one  of  them  a  few  years  ago,  hut  nothing  satis- 
factory can  be  learned  about  the  relics  said  to  have  been  inclosed  in  it. 

A  pipe,  shaped  tike  an  eagle — one  of  the  real  moaDd-bnilders'  bird- 
shaped  pipes — was  takeu  from  tbe  stone  inclosnre  at  the  time  the  exca- 
vation was  made.  Its  workmanship  was  perfect,  and  its  shape  artistic 
in  a  high  degree. 

On  section  7,  io  the  town  of  York,  jnst  north  of  the  residence  of  Ut. 
John  Dole,  is  a  most  remarkable  deposit  of  dint  cbippings.  They  wero 
found  on  the  top  of  a  high  sand  ridge.  A  broad  expanse  of  swamp  land, 
formerly  covered  with  water,  and  an  old  bed  of  the  Mississippi  River, 
runs  np  to  the  base  of  this  sand  ridge  on  the  east.  On  the  west  tbe 
sandy  plain  recedes  and  becomes  lower.  In  the  first  settlement  of  the 
country  this  sand  plain  and  ridge  were  covered  with  a  sward,  which 
held  the  sand  permanently.  N'ow  the  pasturage  of  cattle  and  cultiva- 
tion have  destroyed  this,  and  many  acres  are  now  a  naked  yellow  sand, 
resting  on  a  harder,  sandy  subsoil.  The  winds  keep  wearing  and  dig- 
ging offthissaud,  and  piling  it  about  in  other  places— aometimescover 
iiig  neighboring  fences ;  sometimes  digging  the  very  posts  oat  of  the 
gronnd. 

All  over  this  sand  ridge,  for  a  space  a  mile  longand  half  a  mile  wide, 
dint  chippings  are  being  exposed.  In  some  places  they  occur  in  masses 
of  a  peck  or  half  a  bushel ;  in  other  places  they  whiten  tbe  gronnd  for 
yards  in  extent.     The  material  is  a  cream-colored  oherC,  breaking  with 
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a  smooth,  coDcboidal  fracture.    It  was  all  brought  there,  as  do  etooe 
1h  foaud  in  titu  in  the  vrhole  ridge. 

Here  was  a  great  manafiustory  of  arrow-heads,  and  other  fliDt  imple- 
ments. Pieces  of  arrow-heads,  and  fragments  of  the  flint  in  all  stages 
of  manafactare,  strew  the  ground.  Perfect  arrow-heada  are  sometimes 
foand  in  clasters.  Twenty-six  were  recently  picked  np  in  one  nest, 
roagh,  bat  well-nigh  finished.  Two  copper  implements,  and  one  of  sand- 
stone, evidently  used  for  polishing  stone  axes,  were  also  picked  np. 

In  Whiteside  Uouuty,  jast  above  the  city  of  Sterling,  on  a  high  table- 
land overlooking  Rock  Biver,  and  on  the  north  t>ank  of  the  same,  is  a 
large  group  of  these  monnds.  They  now  form  a  part  of  the  fine  ceme- 
tery gronnds  of  that  city.  Along  tfaesouth  banks  of  the  river  below  Ster- 
ling are  a  nnmber  of  qaile  large  mounds,  at  considerable  distances 
apart.  Most  of  these  Sterling  monads  are  the  common  round  ones. 
Some  of  the  largest  are  oblong  in  form.  Many  have  been  partially  ex- 
cavated, and  some  trinkets  and  charcoal  and  ashes  observed  in  them. 

At  Portland  and  abont  ProphetstowD  similar  moauds  also  exist.  On 
Elkbom  Creek,  on  the  farms  of  Dr.  Pennington  and  Mr.  Dinsmore,  ' 
some  small  round  ones  were  noticed. 

At  Cordova  and  New  Albany,  near  the  banks  of  the  Mississippi  Bivcr, 
some  large  mounds  may  be  seen.  At  the  latter  place,  Mr.  Tyler 
McWborter,  in  the  summer  of  1872,  had  a  tunnel  carried  through  one 
of  tbem.  This  one  was  GO  feet  in  diameter  at  the  base  and  abont  12 
feet  high.  In  it  was  found  a  rude  stone  inclosnre.  Portions  of  skele- 
tons had  been  placed  here,  seemingly  In  detached  parts.  The  structure 
seemed  to  belong  to  the  more  recent  works  of  the  monnd-bnilders. 

But  it  is  useless  to  enumerate  further  the  localities  where  these  monnds 
may  be  seen.  In  almost  every  picturesque  spot  they  were  bnilt ;  and 
doubtless  they  exist  in  hundreds  in  this  connty,  as  they  do  ia  those 
surrounding  it.  A  village  of  mounds  also  exists  below  Sterling  oo  the 
north  side  of  Kock  Biver,  of  large  size. 

Mercer  County  contains  probably  something  over  one  thousand 
monnds,  mostly  located  over  the  western  third  of  tbecounty.  Theeastem 
part  of  the  connty  has  a  few  scattered  ones  of  the  same  general  character. 
Most  of  these  mounds  seem  to  be  of  very  ancient  date— they  are  much 
flattened  by  the  wear  of  time,  only  rising  a  few  feet  above  tbe  general 
level.  But  there  are  a  few  mounds  on  the  bottom-lands  under  the  bluf& 
of  more  recent  date.  They  have  steep  declivities,  and  rise  8  or  10  feet 
in  height.  These  have  yielded  well-preserved  skeletons ;  but  tbe  more 
ancient  have  disclosed  to  the  spade  of  tbe  excavator  no  well-preserved 
bonea  or  implements — only  beds  of  ashes  with  some  charcoal  and  stones, 
and,  in  some  of  the  older,  hnman  remains  in  a  state  of  decay. 

In  Iowa,  opposite  to  the  connty  of  Mercer,  and  near  tbe  Mississippi 

Biver,  is  a  high  bluff  range,  on  the  top  of  which,  facing  the  town  of 

yew  Boston,  ia  the  old  half-forsaken  village  of  Black  Hawk.    Here  are 

seven  or  eight  mounds,  on  tbe  brow  of  the  hill,  which  are  the  largest 
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foDDtl  in  this  part  of  the  West.  They  rise  twelve  or  lirteen  Teet  above 
tbe  general  level,  aud  are  four  or  five  rods  across  the  haae.  One  ot 
them,  on  being  opeaed,  yielded  nnmeroas  bones  in  p:irtial  decay;  also, 
imttery,  fliut  implements,  and  flint  cbippings. 

On  tbe  bigh  level  plain  immediately  back  of  tbe  mounds  was  foriu«ly 
an  old  line  of  embaokmeDt,  tbat  coutained  five  or  six  acres.  The  groaDd 
bas  beeD  ander  tbe  plow  for  many  years,  and  tbe  embankment  is  now 
almost  gone.  Bat  pieces  of  pottery,  flint  implements,  and  numerous 
chips  are  yet  picked  up,  and  at  one  time  the  manaf^tore  of  these  wits 
evidently  carried  on  here  extensively.  Tbe  pottery  seems  to  have  been 
made  of  a  mixtare  of  river-mud  and  decayed  clam-shells.  In  short,  it 
waa  made  of  lime  mortar,  and  is  different  from  tbat  found  in  other  lo- 
calities io  this  part  of  tbe  conotry.  Pieces  of  clay  pottery  are  also  fonnd 
about  the  Black  Hawk  moands. 

What  are  called  the  New  Boston  shell-heaps  are  found  in  tbiscoantj. 
They  are  on  a  high,  suidy  river-bank,  one-balf  mile  below  tbe  town  of 
that  Dame.  They  are  constantly  exposed  by  the  sliding  down  of  the 
'  bank,  and  will  in  time  disappear.  £adi  one  seems  to  have  coatained 
many  tons  of  shells,  mostly  iu  a  state  of  decay.  Eoongh  can  be  seen  to 
determine  that  they  are  of  the  same  species  as  those  now  existing  in  tbe 
river.  Tbe  following  species  are  supposed  to  have  been  identiSed :  Umo 
tubereulatus,  U.  melanerer,  U.  plicatut,  U.  atperamia,  U.  anadontoida. 
These  heaps  were  formeriy  some  rods  from  the  river.  In  proximity  to 
them  were  formerly  found  old  fire-beds  of  bornt  stone,  with  broken  pot- 
tery, mostly  of  bamed  or  baked  clay,  but  occasionally  of  tbe  ponoded- 
sbell  mixtore,  some  fiint  implements,  numerons  flint  chips,  &c.  These 
heaps  seem  to  be  the  kitchen  refuse  of  tbe  mound-builders. 

I  have  referred  to  this  section  somewhat  in  detail,  becaase  it  is  the 
southwest  comer  of  the  tract  of  country  mentioned  in  Uiia  article,  and 
because  it  illustrates  very  well  tbe  character  of  tbe  works  and  remains 
in  the  counties  lying  north  of  it,  contiguons  to  tbe  Mississippi  Biver. 

It  would  be  nseless  to  occupy  further  spaoe  with  an  enameration  of 
the  mounds  of  this  section.  In  the  counties  a^oining  those  named, 
they  exist  almost  as  tbiokly  as  in  tbe  latter;  bnt  none  of  tbem  possess, 
so  far  as  now  known,  any  special  or  peculiar  interest. 

WEAPONS  AND  IMPLEMENTS. 

Copper  relics. — This  region  abounds  in  intereating  relics  of  tbe  trae 
mound-builders.  Drift  copper  is  found  oft«n.  Tbe  writer  has  a  bowl- 
der weighing  15  pounds,  picked  up  in  a  ravine  among  some  small  bowl- 
ders nearMt.  Carroll.  Implementsof  copper  are  rstber  scarce,  two  hav- 
ing come  under  tbe  immediate  observation  of  the  writer.  Tbe  first  was 
the  Sterling  copper  knife,  figured  iu  Foster's  Prehistoric  Races,  and  also 
in  the  Transactions  of  the  Chicago  Academy  of  Natnral  Sciences.  The 
cut  in  the  former  has  no  resemblance  whatever  to  tbe  original ;  white 
tbat  in  tbe  Ititter  is  too  long  for  tbe  width.    At  the  time  tho  knife  was 
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found,  I  was  disposed  to  associate  it  with  the  bone  of  a  mastodon  foand 
ID  a  similar  position  bigber  np  tbe  river;  but  I  am  now  satisfied  it  is  a 
relic  from  the  mouDds  wbich  abound  in  its  neighborbood.  It  was  found 
some  sis  feet  below  the  surface  of  the  soil,  io  tbe  cut  made  by  a  little 
ravine  in  the  bank  of  Rock  River.  It  stack  out  of  the  bank  when  first 
seen,  and  was  imbedded  in  a  material  composed  of  black  diluvial  or  river- 
drift,  filled  with  pieces  of  cbert  and  river  gravel.  Tbe  knife  is  of  pure 
copper,  made,  I  think,  by  bammering,  and  resembles  in  form  one  of  our 
long,  heavy  knives.  The  broad  end  has  a  hole  for  a  rivet,  and  has  the 
edges  turned  over  for  about  two  inches,  makiug  a  socket  for  the  handle. 
The  blade  is  exactly  10  j  inches  long,  an  inch  aud  a  half  wide  at  the  wid- 
est part;  tapers  gradually  on  both  sides — a  little  more  on  the  cutting 
edge — to  a  blnnt  point.  Tbe  shape  is  modern ;  but  the  attachment  of 
the  handle  is  of  tbe  age  of  the  Lake  Superior  copper-mining,  and  the 
veined  ap  pearance  denotes  an  age  equal  to  tbe  older  relics  of  the  mound- 
builders. 

The  uext  relic  is  an  ax  or  hatchet,  found  half-way  between  Dixon 
and  Sterling,  on  the  north  hank  of  Bock  Biver,  on  the  farm  of  a  Mr. 
Lawrence.  Tbe  locality  is  one  of  the  most  charming,  and  abounds  in 
relics,  sacb  as  arrow-points  and  stone  axes.  This  relic  is  also  of  cop- 
per, evidently  hammered  into  its  present  graceful  shape.  Several  sur- 
face cracks  made  by  the  folding  of  the  metal  are  to  be  seen.  It  is  G^ 
inches  long,  3^  inches  wide  at  the  cutting  edge,  If  inches  wide  at  the 
hammer  end,  aod  abootone-fonrth  of  an  inch  thick.  There  are  slight 
traces  of  wea^  on  one  side,  as  if  made  by  the  friction  of  a  handle  The 
hatchet  resembles  a  tomahawk,  and  is  a  fine  specimen  of  the  copper 
relics  of  this  region.  It  is  in  the  possession  of  the  writer,  hut  belongs  to 
the  collection  of  Dr.  Oliver  Everett,  of  Dixon.  Relics  of  stone  pipes  are 
not  very  abundant.    Occasionally  one  is  found  made  of  clay  or  stone. 

In  a  collection  of  two  hundred  arrow-points  belonging  to  the  writer, 
can  be  selected  all  the  typical  shapes  given  by  Sir  William  Wilde ;  with 
all  tbe  modifications  figured  by  Foster,  including  those  supposed  to  be 
reamers  or  borers  by  some  of  tbe  collectors.  A  group  of  arrow -point 
fignres,  taken  from  Lubbock's  Prehistoric  Times ;  Evaus'  Ancieut  Im- 
plements, &c.,  of  Great  Britain;  or  Squier  &  Davis's  Ancient  Monu- 
ments, &c.,  will  greatly  resemble  the  originals  in  almost  any  cabinet  in 
tbe  Iforthwest.  The  same  is  true  of  spear-heads,  and  flintrchippings. 
Flame-colored  chert,  dark  Lomstoue,  and  a  whitish  cbert  or  flint,  were 
tbe  materials  commonly  n&ed  in  their  manufacture.  The  writer  baa 
picked  np  very  perfectly  shaped  flint  implements,  which  must  hare  been 
used  for  knives  and  scrapers. 

Stone  hatchets,  axes,  and  akinning-stoucs  are  quite  plentiful.  The 
finest  in  the  writer's  collection  was  plowed  up  among  the  Kishwaukee 
mounds.  It  is  of  spotted  polished  granite.  A  very  perfect  and  artistic 
tomahawk  of  stone,  of  small  size,  is  in  tbe  collection  of  Dr.  Everett,  at 
Dixon.     The  Hanover  moands  have  furnished  a  teu-pound  ax  of  very  per- 
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feet  shape;  but  tbe  largest  one  io  tliis  section  U  in  Dr.  Everett's  collcctioD. 
It  weighs  oue  ounce  over  15  pounds;  is  of  dark  color;  tbe  shape  is  artis- 
tic ;  the  external  boundary  Hues  are  all  graceful  curves.  Only  a  gtunt 
could  have  fielded  it. 

Among  tbese  relics  of  fttone  tbe  \vrit«r  has  one  of  unusual  shape  and 
appearance ;  it  is  somewhat  like  the  section  of  a  circle  -,  thick  along  the 
straight  edge;  and  tapering  from  the  top  to  the  circular  edge.  It  was 
found  in  a  mouud,  near  the  north  line  of  the  State. 

Gorgets,  orparalIelogram-shapedstoQe8,with  two  holesdrilled  through 
them,  are  often  picked  up.  The  finest  one  in  the  writer's  collection  is 
of  the  red-pi[>e-Btone  material.  A  small  one  in  Dr.  Everett's  collection 
has  but  one  hole  through  tbe  cod. 

Weapons  of  the  size  and  shape  of  a  goose-egg,  with  narrow  creases 
round  the  middle,  clnbs  and  hammers  undoubtedly,  are  not  rare.  lu 
Dr.  Everett's  collectiou  is  a  large  plnmmet-shaped  implement,  with  a 
sort  of  Deck  on  tbe  Bmaller  end.  As  a  slung-shot  it  would  have  proved 
a  formidable  weapon. 

A  very  perfect-shaped  plummet,  made  from  what  seems  to  be  hema- 
tite iron  ore  is  in  the  writer's  cabinet.  It  lacks  tbe  usual  crease  around 
the  smalt  end.  One  discoidal  stone,  of  spotted  greenstone,  was  picked 
up  in  this  regiou,  the  only  one  found,  so  far  as  I  know, 

A  flint  hoe  aud  flint  chisel  or  gouge,  from  thecollectiouof  Dr.  J.  S.  Loire, 
in  Hauover,  are  objects  of  great  interest. 

Pottery. — Some  very  perfect  specimens  of  pottery  have  been  found  and 
preserved.  The  writer  has  three  different  styles  in  his  cabinet.  Some 
of  tbe  fragments  are  larp^e  enough  to  show  the  graceful  cnrres  of  the 
vessels  before  they  were  broken.  The  specimens  taken  from  the  mounds 
are  of  more  graceful  shape,  better  and  smoother  material,  and  superior 
barducss,  to  the  later  aud  ruder  work  of  the  Indians. 
'  Beads. — Several  strings  of  beads  have  been  taken  from  the  Hanover 
mounds.  Tbese  are  circular  and  flat,  with  a  hole  in  the  center;  and 
some  of  them  are  artistic  in  shape.  Hanover  is  the  only  place  where 
they  have  been  fouud  iu  this  locality,  so  far  as  the  writer  knows. 


INTIQl'ITICS  OF  MA80S  COUJJII.  UIIN0I8. 

Bv  J.  CocaitA^iE,  (/  Havana,  IlL 

There  are  five  iuterestiug  mounds  in  this  vicinity,  varying  iu  height 
from  20  to  40  feet.  The  two  highest  are  built  adjoining  each  other  on 
the  bank  of  the  Illinois  River,  two  others  are  three  miles  below  them, 
also  on  tbe  east  bank  of  the  Illinois  Biver,  aud  about  t«o  rods  apart ; 
the  fifth  one  is  on  the  bluffs  of  Illinois  River  bottoms,  west  side,  and 
about  six  miles  distant,  but  in  full  view  of  the  former  ones. 

One  is  of  gravelly  soil  (none  of  which  exists  in  proximity  to  it)  and 
the  others  of  loam.     No  escavations  are  perceptible  in  the  vicinity 
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from  vbich  the  lo&m  could  have  been  taken  in  snch  quantity.  Many 
small  mounds  are  situated  near  by.  No  excavations  or  investigations 
have  ever  been  made. 


IXCIEKT  EARTHWOBES  OF  ASHLAND  COrXTY,  OHIO. 

By  GEoncK  \V.  Hill,  M.  D,,  of  JsA/anrf,  OV.q. 

Evidence  oX  the  existence  of  a  race  somewhat  advanced  in  the  arts 
of  military  defense,  anterior  to  the  appearance  of  the  Gancasian,  is 
fonud  ia  almost  every  part  of  this  connty.  Mounds  and  intrenchmcnts 
in  all  the  great  valleys  and  commanding  points  are  very  nomerons. 
The  principal  streams  aloog  which  the  earthworUs  are  foand  are  the 
3Iaddy,  the  Jerome,  the  Black  and  Clear  Forks  of  the  Mohican. 

Tyler'a  ^orf.— On  section  24,  notf  in  Wayne  County,  a  short  distance 
below  the  junction,  npon  the  beigbtsnortheastof  Tylertown,  amieastof 
the  stream,  is  an  ancient  intrencbment.  It  overlooks  the  valley,  which 
here  is  about  one  and  a  half  miles  wide,  and  affords  an  exteaded  view 
np  and  down  the  Mohican.  The  work  is  situated  on  an  elevated  spur  of 
the  ridge,  on  the  lands  of  Benjamia  Tyler;  is  circular  in  form,  and  con* 
tains  about  three  acres.  When  Mr.  Tyler  took  possession  io  1814,  be 
fouDtl  the  work  destitute  of  growu  timber.  The  ridge,  in  aod  about  the 
intrenchmeat,  had  the  appearance  of  having  been  often  burned  over.  He 
foQod  the  embankment  about  4  feet  high  and  abont  10  feet  in  diameter 
at  tbe  base,  and  completely  covered  with  hazel-bush,  abont  as  high  as 
his  head.  He  states  that  be  stood  in  tbe  center  of  the  work,  and  coald 
overlook  the  Mohican  Valley  for  many  miles.  The  work  is  now  covered 
by  a  growth  of  thrifty  young  white-oak,  ranging  from  ^  to  70  feet  In 
height,  and  10  to  15  inches  in  diameter.  Contrary  to  the  general  rule, 
there  was  no  spring  in  the  immediate  vicinity  of  this  earthwork. 

Ramsey's  Fort. — Ascending  tbe  Muddy  Fork,  about  15  miles,  we  find 
another  intrenchmeot  upon  the  lands  of  John  Ramsey,  on  the  southwest 
qnarter  of  section  28,  in  Jackson  Township.  The  valley  of  the  stream 
tbe  entire  distance  is  very  fertile,  and  was  once  a  favorite  resort  of  the 
Delawares.  This  work  is  situated  on  the  western  side  of  an  elevated 
ridge,  overlooking  the  valley.  The  eastern  line  of  tho  intrenchnient 
reaches  the  summit  facing  the  valley.  Tbe  work  is  quadrangular,  and 
estimated  to  contain  a  fraction  over  two  acres.  When  first  discovered 
tbe  embankment  was  about  3  feet  in  height,  and  from  8  to  10  in  diameter 
at  the  base.  The  timber  within  tbe  fort  was  equal  in  size  to  that  of  the 
forest  aronnd  it,  and  was  of  the  same  character.  The  area  of  the  fort  has 
been  cnltivated  about  tweuty-flve  years,  and  tbe  embankment  is  nearly 
obliterated  by  tho  plow.  While  plowing  within  tbe  fort,  a  highly-pol- 
ished stone  hammer  was  found,  five  inchea  long,  two  inches  at  the  base, 
and  one  and  one-half  inches  at  the  point,  encircled  in  the  middle  bj  a 


,,  Google 


262  ANCIENT  EABTHW0EK8   IN   OHIO. 

groove.  Tfae  mrioea  in  the  viciDity  contained  water  sufficient  to  supply 
the  wante  of  the  fort  if  beleaguered  by  an  coemy. 

Two  mounds  were  found  in  the  north  part  of  Perry  Township,  about 
one  mile  from  the  fort.  They  were  about  30  feet  apart,  and  occupied 
levei  ground  near  a  brook.  The  larger  one  was  ubont  5  feet  high  and 
33  feet  in  diameter  at  the  base.  The  smaller  one  waa  probably  J2  feet 
ID  diameter  at  the  base  and  3J  feet  high.  William  Hamilton  destroyed 
the  larger  one  in  digging  a  cellar ;  and  about  i  feet  below  the  natoral 
sarface  found  a  triangular  wooden  post  nud  three  human  skeletons,  one 
of  QDoaaal  size,  imbedded  iu  sand.  Un  exposure  the  smaller  ones  dis- 
solved. 

Metcalfa  Fort. — By  returning  to  the  Jerome  Fork,  and  ascending  that 
stream  about  one  and  a  half  miles,  wo  approach  a  fort  oq  the  lands  of 
the  late  William  Metcalf,  south  of  the  stream,  on  an  elevated  plateaa, 
facing  the  valley  on  section  31.  It  was  circular  in  form,  and  contained 
about  three  acres.  It  was  near  a  spring.  When  first  discovered  in  the 
forest,  in  1313,  the  embankments  were  about  4  feet  in  height,  and  the 
base  about  10  feet  in  diameter.  Large  trees  grew  in  and  upon  the  work. 
It  commanded  an  extensive  view.  The  fort  at  Tyler's,  some  four  miles 
down  the  stream,  could  be  easily  seen  by  the  oaked  eye.  By  the  means 
of  assault,  probably  used  by  the  race  that  then  inhabited  these  valleys, 
it  would  have  been  difficult  to  capture  it. 

Winbigler's  Fort. — On  an  elevated  point,  two  and  a  half  miles  nortb, 
and  across  the  Jerome  Fork,  was  another  fort,  on  the  lands  of  Henry 
Wiublgler,  on  the  northeast  quarter  of  section  9.  It  contained  about 
four  acres  of  land,  was  circular  in  form,  and  waa  much  more  easily 
defended  than  MetcaW's,  because  the  grouud  around  it  was  steep  and 
more  difficult  of  ascent.  The  embankments  were  also  somewhat  higher 
than  the  former  work,  and  10  feet  thick  at  the  base.  When  Brst  dis- 
covered it  waa  covered  with  large  timber — a  sort  of  ridge-oak  of  slow 
growth,  and  must  have  been  abandoned  for  a  long  series  of  years.  It 
bad  .a  gate-way  looking  to  the  north  and  one  to  the  south,  and  was 
near  an  excellent  spring.  From  this  fort  a  good  view  of  ^etcalfs  was 
had.  By  the  use  of  torches  or  other  signals,  the  Tyler  Fort  could  have 
been  alarmed  at  the  same  time.  Nearly  due  weat  of  this  fort,  on  section 
13  in  Vermilliou  Township,  is  a  large  mound  which  was  n.ied  as  a  bnrial 
site  by  the  Uohegans  and  Delawares,  but  was  doubtless  erected  as  a 
signal  point  by  the  same  race  that  couatructed  the  forts.  West  of  it 
about  four  miles,  on  section  14,  and  near  the  town  of  Hayesville,  is 
another  large  monnd  at  the  head  of  a  valley  reaching  the  Mohican.  It 
was  also  most  likely  used  as  a  signal  poinc. 

Gamble's  Fort. — Continuing  up  the  Jerome  Fork,  which  rises  iu  the 
summit,  in  the  north  center  of  the  county,  is  found  a  beautiful  valley, 
fhtm  three  to  six  miles  wide,  through  which  that  stream  meanders,  fed 
by  numerous  smaller  onea  on  either  side.  As  wo  approach  Ashland,  an 
elevated  point  of  land  on  the  north  of  the  town,  on  section  8,  southwest 
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qaarter,  is  seeo  orerlookiDg  the  whole  surronading  conntry  for  a  distance 
of  from  foor  to  seven  miles.  This  work  is  above  the  town,  and  there  is 
a  gradual  descent  from  it  in  all  directions.  It  is  a  strong  military  posi- 
tion. A  circular  embankment,  2,115  feet  in  length,  coDtainiog  an  area 
of  8^  acres,  sarronnded  the  brow  of  the  hill.  When  the  late  Henry 
Gamble  entered  upon  bis  land  in  1816,  the  fort  was  covered  by  large 
trees,  such  as  were  found  in  tbe  forest  of  tbe  neighborhood.  The  em- 
bankments were  very  nearly  4  feet  high  in  tbe  center,  and  10  or  11  feet 
wide  at  tbe  base.  Tbe  work  must  have  required  a  considerable  body  of 
men  a  long  time  to  ooostruet  it.  It  bad  a  gate-way  at  tbe  soatbwest 
side,  facing  a  deep  ravine;  and  near  the  gate  a  very  excellent  spring.  In 
taking  tbe  dimensions  of  tbe  fort,  I  was  assisted  by  Col.  George  W,  Urie 
and  MaJ.  BiehardP.  Fulkerson,  who  examined  the  work  nearly  flfty  years 
ago,  when  much  of  the  large  timber  was  standing.  The  Atlantic  and 
Great  Western  Railway  passes  down  tbe  ravine  just  soath  of  tbe  fort, 
and  the  spring  now  supplies  tbe  water-tauk.  Tbe  embankments  have 
been  plowed  over  for  nearly  fifty  years,  and  exhibit  but  slight  traces  of 
their  ontlioes. 

Id  looking  down  the  valley  some  two  miles,  a  large  moond  can  be  seen, 
which  has  recently  been  opened  and  found  to  contain  human  bones, 
charcoal,  and  wood,  clearly  evincing  the  presence  of  fire.  Tbe  moond  is 
sitaated  on  the  northeast  part  of  section  9,  and  is  composed  of  sand 
and  drift.  Tbe  excavation  from  which  it  was  taken,  about  one  hundred 
yards  away,  can  be  plainly  seen.  On  section  3,  in  a  northeast  direc- 
tion from  the  above  monnd,  about  a  qnarter  of  a  mile  distant,  near  a  fine 
spring,  stood  another  small  monnd,  which  contained  bnman  bones,  a  few 
aiTOW-beads,  and  one  or  two  stone  axes  and  fleshers.  These  were  tnmed 
up  by  the  plow.  The  site  of  the  monnd  is  now  obliterated.  Other  small 
mounds  have  been  foand  in  Montgomery  Township,  the  contents  being 
similar  to  the  ones  described.  Fonr  miles  northeast  of  the  Gamble  Fort, 
on  section  28,  in  Orange  Township,  is  found  the  Xorris  Mound,  near  the 
village  of  Orange.  It  has  been  examined  and  fonnd  to  contain  bnmau 
bones,  large  quantities  of  red  and  yellow  ocher,  charcoal,  a  few  shells, 
and  a  pure  copper  needle  seven  inches  long,  with  a  well-tempered  point. 
If  the  forest  were  removed  this  mound  conld  be  plainly  seen  from  the 
fort.  It  was  evideutty  a  burial  site.  The  presence  of  charcoal,  and  tbe 
oily  condition  of  tbe  bard-pan,  ocber,  and  sand,  would  suggest  that  vast 
qnantities  of  animal  oil  had  been  nsed  in  its  sacrificial  ceremonies.  It 
may  have  been  a  signal  point  also.  Large  trees  grew  around  and  upon 
this  monnd,  its  height  being  about  5  feet,  and  diameter  30. 

About  tbirty-flve  years  since,  while  some  persons  were  engaged  in 
ontting  a  bluff  on  the  bank  of  the  creek  east  of  tbe  residence  of  the  late 
Patrick  Murray,  for  the  purpose  of  improving  the  railroad  alluded  to, 
a  nnmber  of  human  skeletons  were  unearthed.  The  bones  were  in  a 
good  state  of  preservation. 
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lu  tbo  year  1850,  in  digging  a  well,  Isaac  Stull,  nenr  liis  residence, 
lialf  a  mile  south  of  tbe  village  of  OraDge,  about  5  feet  below  the 
sarface,  came  upoa  an  earthem  vessel  that  woald  bold,  perhaps,  aboat 
two  gallons.  Before  discovering  this  relic  bo  nnfortanately  stepped 
apon  and  broke  it.  It  was  foand  moatb  upward,  and  resembled  in 
many  respects  a  two-gallon  crock.  The  rim  around  the  top  was  artistic, 
and  intended  to  aid  in  lifting  the  vessel.  It  was  formed  of  a  bluish 
eartb,  and  seemed  to  have  been  subjected  to  beat.  It  was  ornamented 
all  over  tbe  exterior  by  finely  pulverized  white  flint,  somewhat  resem- 
bling rice-grains,  which  adhered  flrmly  to  it.  A  short  time  afterward, 
in  plowing  in  a  field  northwest  of  bis  house,  Mr.  Stull  tamed  up  a  frag- 
ment of  tbe  same  kind  of  vessel,  as  large  as  bis  band. 

In  tbe  fall  of  1872,  Harvey  Roberts,  residing  a  short  distance  west  of 
tbe  Stall  f^m,  on  an  elevation  just  north  of  tbe  creek,  while  engaged 
in  excavating  for  tbe  foundation  of  a  baildiug,  came  upon  two  human 
skeletons,  about  3  feet  beneath  the  surface,  in  a  sitting  posture,  in  a 
good  state  of  preservation.  These  remains  were  undoubtedly  those  of 
Wyandots  who  had  died  duiing  their  annual  residence  and  hunting  ex- 
cursions along  the  Mohican,  over  sixty  years  ago.  Another  old  Indian 
cemetery  was  fonod  on  tbe  premises  of  Jacob  Young,  about  balf  a  mile 
southeast  of  Mr.  Roberts's,  and  many  of  the  graves  being  very  shallow, 
were  exposed  in  his  garden  and  on  tbe  bank  of  the  creek.  Most  of  the 
skeletons  on  the  lands  of  Mr.  Young,  we  believe,  were  buried  iu  a  hori- 
zontal ])osition.  We  do  uot  see  the  precise  reason  for  this  diCTerence. 
It  may  be  that  the  parties  found  by  Mr.  Roberts  may  have  been  chiefs 
or  members  of  another  tribe. 

Sprotfs  Sill. — On  the  northeast  quarter  of  section  35,  iu  Clear  Creek 
Township,  and  about  two  and  a  half  miles  northwest  of  Gamble's  Fort, 
is  Sprott's  Hill.  This  hill  is  nbout  90  feet  high,  and  contaius,  at  its  base, 
an  area  of  about  five  acres.  It  is  composed  of  alluvium,  mixed  with 
gravel  and  ronuded  bowlders.  The  top  is  about  60  by  iM)  feet,  and 
nearly  flat.  Upon  tbis  two  mounds  wern  erected,  each  about  25  feet  in 
diameter  and  1  or  5  feet  high.  When  Thomas  Sprott  settled  there, 
some  fifty  years  since,  largo  trees  grew  upon  and  about  these  mounds. 
They  were  about  30  feet  apart.  From  them  a  view  of  tbe  Gamble  Fort 
aud  tbe  mound  at  Orange  can  be  bad. 

In  examining  tbe  south  mound  thirty  jears  ago,  Thomas  Sprott  and 
his  brother  came  upon  a  sort  of  stone  cofUn,  constructed  of  flat  stones 
set  on  the  edges,  which  contained  the  skeletons  of  six  or  eight  Indians, 
neatly  eleaued  and  packed,  in  a  good  state  of  preservation.  On  the  flat 
stones,  constituting  the  lid  of  the  cofDu,  more  than  a  i>eck  of  red  ver- 
milion was  found.    These  relics  were  replaced  by  Mr.  Sprott. 

About  one  and  a  balf  miles  northwest  of  tbe  Sprott  Mouud,  on  scctiou 
20,  is 

Drytt^s  Fori. — This  woik  is  qiiiidriingiihir  iu  shape.    Its  longest  sides 
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face  tbc  east  and  west,  and  are  very  nearlj-  500  feet  each  in  length,  while 
the  north  nod  south  ends  are  each  about  250  feet  long,  making  the 
whole  length  of  the  embankmont  about  1,500  feet.  Kcar  the  southwest 
comer  was  a  gate- way  leading  to  a  very  fine  spriug,  four  or  five  rods  dis- 
tant. A  deep  ravine  encircles  the  west  side  and  south  end  of  the  work, 
while  there  is  a  gradual  descent  from  the  north  end  and  eastern  side, 
showing  that  it  was  erected  for  defensive  purposes.  The  view  from  the 
fort  in  all  directions  is  very  fine,  and  takes  in  an  area  of  four  or  five  miles. 
The  Orange  Mound  and  those  of  Sprott's  Hill  were  plainly  discernible. 
When  Mr.  John  Bryte  commenced  to  clear  his  farm,  flfty-four  years  ago, 
he  found  large  oak  trees  and  other  timber  growing  on  the  embankment, 
and  often  walked  upon  it  in  hunting  squirrels.  When  ho  first  saw  it 
the  walls  were  between  3  and  i  feet  high,  and  perhaps  10  or  11  wide  at 
the  base.  He  has  been  cultivating  the  fort  for  nearly  fifty  years,  and 
the  embankment  is  nearly  obliterated.  For  defensive  purposes,  the  site 
was  n  good  one.  The  water  of  the  adjoining  spring  would  supply  a 
large  army.  It  is  situated  on  the  summit  where  the  brooks  divide  to 
flow  north  to  Lake  Eric  and  south  to  the  White  Woman,  tbe  Muskingum, 
aad  the  Ohio. 

Many  stone  axes,  tiesbers,  arrow-heads,  polished  and  perforateii  stones, 
and  pipes  bavo  been  found  in  the  vicinity  of  the  foregoing  work. 

Skambaugh's  Fort. — Returning  to  the  south  end  of  tbe  county,  we 
ascend  tbe  Black  Fork  of  the  Mohican.  At  the  fnrm  of  Lewis  Oliver, 
and  one  or  two  points  below,  were  found  mounds  of  5  or  C  feet  in  height 
and  atx)ut  30  feet  in  diameter  at  tbe  base.  A  little  sonthwest  of  Ferrys- 
ville,  on  tbe  road  leading  to  Newville,  on  the  summit  above  the  village, 
was  a  mound  overlookiug  tbe  valley  the  size  of  tbe  ones  described. 

Passing  up  tbe  stream  to  near  tbe  old  ludiau  village  of  Greeutown, 
to  tbe  lands  of  Mr.  John  Shambangh,  on  tbe  north  side  of  the  stream, 
on  section  IS,  we  find  another  circular  fort,  containing  very  nearly  two 
acres,  with  a  gate-way  looking  to  the  west.  In  the  center  was  a  mound, 
about  4  feet  high,  which  had  probably  been  an  altar  or  lookout.  When 
first  discovered,  tbe  embankment  was  atwutS^  feet  high  and  10  wide 
at  the  base.  It  is  difficult  to  conjecture  for  what  purpose  the  woik  was 
constructed,  as  it  was  situated  on  tbe  bottom,  fully  a  quarter  of  a  mile 
from  the  elevated  lands  on  either  side  of  the  stream,  A  small  brook 
flowed  by  it,  from  which,  no  doubt,  water  was  obtained.  Timber — such 
as  oak,  hickory,  and  elm — grew  upou  and  witbiu  the  work,  the  larger 
trees  being  over  3  feet  in  diameter.  Tbe  lands  along  the  streams  are 
very  fertile,  and  the  site  of  the  fortification  having  been  plowed  over 
for  half  a  century,  tbo  embankments  arc  merely  traceable. 

The  Parr  J'oi't.^About  one  mile  distant  from  the  work  alluded  to,  on 
section  10,  is  found  what  is  known  as  tbo  Parr  Fort.  It  is  also  a  circular 
work,  tbe  eoib-iukmeut,  when  first  discovered  by  the  pioneers,  being 
about  7  feet  high,  iiud  12  or,14  in  diameter  at  tbe  base.    It  inclosed  an 


Dirizsdtv  Google 


2G6  ANCIBNT  EASTHWORKS  IN  OHIO. 

area  of  about  tbroe  acres,  aod  had  a  gate-wny  at  the  west.  Very  near 
it,  on  tbe  east  side,  stood  a  large  mound,  from  wbicb  copper  beads  and 
stooe  implements  bave  been  taken. 

I  am  informed  b;  Dr.  J.  P.  Heudersoo,  of  Newville,  tbat  tbis  mound 
was  opeoed  abont  fifty  years  ago.  In  it  were  foand  human  bones,  char- 
coal, decayed  wood,  a  stone  pipe,  the  stem  of  wbicb  was  wrapped  witli 
copper  wire,  and  a  copper  wedge.  Tbe  monnd  was  of  a  pecoliar  stnic- 
ture.  It  was  built  of  large  flat  stones  in  a  circular  form,  like  a  shot- 
tower,  and  QUed  up  and  around  nitk  earth,  and  was  a  coue  in  appear- 
ance. Many  stone  axes,  stono  dcshcrs,  and  polished  stone  plates  hare 
been  found  in  the  vlcioily  of  these  works. 

Barlittffa  Fort. — About  two  and  a  half  miles  south  of  Parr's  fort,  near 
Saint  John's  church,  on  tbe  north  bank  of  the  Clear  Fork  of  the  Mohican, 
may  be  seen  another  defensive  work.  It  is  circular,  and  eootains  ati 
area  of  nearly  3  acres.  It  bad  embankments  from  the  gate  on  the  sontli 
side  (as  I  am  informed),  lending  down  to  the  bank  of  tbe  stream.  When 
first  discovered  it  was  covered  with  large  timber,  and  the  embankment 
was  over  3  feet  high.  It  commands  a  full  view  of  the  valley  for  many 
miles,  and  was  donbtlesa  used  as  a  defensive  work.  Many  very  choice 
stone  relics  bave  been  plowed  up  along  the  valley  by  farmers,  and  are 
now  in  the  cabinet  of  Dr.  James  P.  Henderson,  of  Newville. 

We  find  no  other  remains  until  wo  reach  tbe  village  of  Mifflin.  On 
level  land  a  little  northwest  of  this  village  is  a  large  mound.  The  toj) 
is  slightly  flattened,  and  was,  no  doubt,  used  as  a  burial  spot  by  the 
Delawares.  It  has  not  been  excavated  and  its  contents  are  only  a  mat- 
ter of  conjecture.  Many  stone  axes,  some  beads,  flint  arrow-beads,  and 
pick-shaped  implements  of  stone,  highly  finished,  have  been  plowed  op 
by  the  farmers  all  along  the  valley  of  the  Black  Fork. 

There  are,  perhaps,  twenty  or  thirty  smaller  mounds  scattered  over 
the  country,  to  which  my  attention  has  not  been  given.  Tbe  monndd 
of  this  conuty  are  invariably  trnocated,  and  none  exceed  10  feet  iu 
height.  £  am  inclined  to  the  opinion  that  many  of  the  smaller  ones 
were  the  center  of  an  encampment,  and  were  erected  for  sacrificial  pur- 
poses. Such  a  mound  existed  in  the  center  of  the  council-house  of 
Greentowo.  The  venison  and  bear-meat  for  their  great  feasts  was 
boiled  in  large  copper  kettles  upon  tbe  mound.  Tbis  may  nccount  for 
the  charcoal,  ashes,  and  charred  bones  so  frequently  found  in  small  flat 
mounds.  I  have  reason  to  believe,  also,  the  tent  or  wigwam  of  the  rul- 
ing chief  was  sometimes  placed  on  a  central  mound  of  similar  structure. 

Stons  implements. — Several  classes  of  implements  are  fonnd  in  great 
numbers  within  this  county.  They  seem  to  have  been  scattered  broad- 
cast over  the  bills  and  valleys.  One  class  consists  of  highly-polislied 
stone  pestles,  stone  axes,  weighing  from  six  or  eight  ounces  to  five  or  sis 
pounds,  stone  fleshers,  stone  implements,  pick-shaped,  with  a  neatly- 
drilled  bolo  in  the  middle,  stone  beads,  nod,  flat  variegated  stones  from 


I,  Google 


AKTIQUITIBS    OP  OHIO.  267 

ooe  to  two  inches  vride,  six  or  seven  loDg,  and  half  an  inch  thick,  njth 
roaoded  ends,  highly  polished,  and  general];  vith  a  neatly-drilled  hole 
in  the  center,  have  been  fonnd  in  and  about  these  andent  works. 

Another  class,  of  more  recent  date,  consists  of  thousands  of  flint  arrow- 
heads, from  a  half  inch  to  seven  inches  in  length.  These  were  anqnes- 
tionably  made  by  the  modern  tribes  that  overspread  Northern  Ohio,  and 
most  of  the  material  was  procured  from  the  ridges  in  Licking  County. 
One  such  nest  was  plowed  up  in  Sullivan  Township,  three  years  since, 
by  Mr.  W.  S.  Biggs,  containing  201  pear-shaped  arrow-heads,  neatly 
finished  and  of  an  unusual  style,  having  uo  notch  for  fastening  them  to 
the  shaft,  and  had  the  appearance  of  being  intended  for  cntting. 


FLIKT  laPLEUENTB  IX  UOLUES  COCXTt.  OBiO. 

By  H.  B.  Case,  of  Loiidoaville,  Ohio. 

An  interesting  "find"  of  flint  implements  of  the  leaf  shaped  pattern 
vas  discovered  in  the  sammer  of  18T0  on  the  farm  of  Daniel  Kick, 
aboat  half  a  mile  north  of  the  Lake  Fork  of  Mohican  River,  in  Washing- 
ton Township,  Holmes  County,  Ohio.  They  were  found  in  a  pond  or 
baein-like  depression  formed  in  the  glacial  drift  or  river  gravel  which  is 
foand  in  this  vicinity.  The  pond  has  no  outlet,  as  the  rim  of  the  basin 
is  20  feet  high.  In  order  to  collect  the  water,  which,  during  most  sea- 
sons, covers  the  bottom  of  the  pond,  a  ditch  4  feet  deep  was  dug 
through  it  Near  the  bottom  of  the  ditch  were  found  the  remains  of  an 
old  oak  log  lying  across  the  cutting,  and  beside  the  log  were  found 
ninety-six  flint  implements,  all  leaf-shaped,  and  of  sizes  from  2^  to  5J 
inches  in  length.  They  were  colored  by  red  oxide  of  iron,  which  ad- 
hered very  tenaciously  to  the  flint,  showing  that  a  quantity  of  this  ma- 
terial bad  been  deposited  with  them.  This  pond,  in  seasons  of  great 
drought,  becomes  dry,  but  has  not  been  so  for  several  years.  Were 
these  implements  buried  in  the  pood  by  the  owner,  or  were  they  placed 
beside  the  log  and  covered  by  the  slow  accnmulations  of  the  alluvial 
deposits  of  centuriesl  The  pond  never  having  had  an  outlet  since  the 
deposition  of  the  glacial  drift,  and  the  flints  being  found  within  a  foot 
of  the  bottom  of  the  four  feet  of  alluvial  deposit,  would  indicate.  If  de- 
posited npon  the  surface,  an  antiqnity  of  three-fourths  of  the  post-gla- 
cial period,  assuming  that  the  alluvium  was  laid  down  uniformly,  and 
that  the  flints  were  placed  beside  the  log  and  had  not  been  buried,  and 
had  not  sunk  to  tbeir  place  from  higher  up  in  the  mud.  These  imple- 
ments are  now  in  the  collection  of  the  writer,  who  has  furnished  speci- 
mens of  the  same  to  the  National  Museum  at  Washington.* 

*  Tbe  implements  irere,  ia  all  probability,  iDtentioualij-  buried,  ronniog  a  deposit 
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MOUND  IN  TBUHBUll  CODSTT,  OHIO. 

Bt  p.  Mili.br,  o/  TTeal  Farminglon,  Ohio. 

Tbe  mouDd  referred  to  is  situated  about  a  mile  north  from  tbe  village 
of  West  FarmiogtoD,  Ohio,  od  the  land  of  Mr.  Belden.  Its  elevation 
above  Smne  Greeli,  flowing  near  by,  is  aboat  70  feet,  and  its  height  is 
6Upi>osed  to  have  been  some  30  feet  atmve  the  level  of  the  land.  It  has 
been  much  reduced  Id  circumference  by  the  plotF.  Ttro  years  ago  a 
gentleman  dug  three  boles  in  tbe  mound,  in  cue  of  which  he  fouod  a 
scjuare  piece  of  lead ;  in  anotlier,  some  red  paint,  and  a  round  stone  ia 
the  form  of  a  human  head,  aud  some  buues.  In  the  third,  and  central 
escavatiou,  he  foaud  two  skulls ;  but  they  wero  so  much  decayed  as  to 
crumble  on  exposure.  The  jaws  and  teeth  of  one  of  the  specimens 
remained  perfect.  Tbe  bodies  originally  were  laid  iu  circalar  tiers, 
with  their  heads  in  tbe  center  aud  the  feet  outward.  Above  and  belov 
each  there  was  placed  a  flat  stone,  which  must  have  been  brought  at 
least  six  or  seven  miles  from  here,  aa  none  of  that  kind  are  found  in  this 
vicinity.  How  many  tiers  of  bodies  there  were  I  could  not  learn,  as* 
there  was  no  note  made  of  it.  In  the  upper  part  of  the  mound  a  skele- 
ton of  large  size  was  discovered.  Flint  t^ools  were  also  discovered  with 
tbe  bodies. 

Tbe  father  of  the  present  owner  settled  here  about  sixty  years  ago 
and  on  bia  arrival  found  hcech-trees  over  2  feet  in  diameter  surround- 
ing tbe  mound,  several  of  which  were  hollow. 


ANTIQUITIES  OF  BiNCOCK  COtlMr,  KEXTDCKY. 

By  JoSRrii  Fbiel,  of  Cloverporl,  Ky. 

About  a  mile  north  of  Bennettsville,  Hancock  Connty,  Kpntucky,  is 
H  range  ofhills,  at  the  footof  which  runs  Allen  Gave  Creek.  Tbesebills 
are  capped  by  high  sandstone  ledges,  which  have  been  so  eroded  in  past 
agesas  to  leave  overhanging  shelters  at  several  points;  some  of  these 
are  of  considerable  size ;  one,  particularly,  seems  to  have  been  occupied 
by  man  for  a  long  period,  but  now  serves  only  as  a  shelter  for  hogs. 
Tbe  cavern  is  open  toward  the  south,  tbe  overhanging  roof  protecting 
the  space  below  from  any  exposure  to  the  elements  from  above,  while 
an  immense  rock  which  has  fallen  down  forms  a  partial  wall  directly  in 
front,  between  which  and  the  rear  wallof  the  cavern  the  deposit  contain- 
ing prehistoric  remains  is  found.  Tbisdeposit  consists  of  rich  black  loam, 
wood  ashes,  and  decomposed  vegetable  matter.  Tbedeposit  isSTbylS 
feet,  and  from  12  to  22  inches  deep.  I  found  large  quantities  of  flint  chips 
and  fragments  of  arrow-heads  scattered  ail  over  the  surface  of  the  deposit. 
On  digging  down  I  found  bones,  flint-chips,  wood  asbes,  charcoal,  burnt 
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saud-rochB,  fragmenta  of  rade  pottery,  pieces  of  decomposed  wood,  and 
freqaently  pieces  of  muscle  sbells.  I  found  signs  of  &re  mostly  in  tbe 
center  of  the  cave,  while  fragments  of  pottery  and  bones  were  more  fre- 
quently met  near  tbe  oater  edge.  A  small  piece  of  a  cocoaDut  shell  wan 
discovered  near  tbe  bottom  of  tbe  deposit.  This  proves  that  the  cave- 
dwellers  of  Kentacky  carried  on  trade  to  some  extent  with  their  southern 
neighbors.  About  three  hundred  yards  farther  down  the  valley,  and  on 
theopposite  side,  at  a  correspondiDg  elevatiou,  is  an  underground  cavern 
which  rnns  under  tbe  hitl  to  a  considerable  distance.  In  this  cave  I  hoped 
to  fiod  the  skeletons  of  the  ancient  cave-dwellers,  but  I  was  mistaken. 
After  a  diligent  examiualioD  of  every  part  I  discovered  nothing  hut  tbe 
Bknll  of  an  animal.  In  one  corner  near  the  mouth  of  tbe  care  I  found 
a  naoiber  of  bornt  sand-rocks,  but  could  discover  no  other  signs  of  Are 
or  batnan  habitation.  I  find  a  great  many  arrow-beads  and  fiint  chips 
scattered  all  over  this  country,  and  also  unmbers  of  rough  sandstones 
with  cavities  iu  one  side. 

Recently  1  visited  tbe  moands  of  Indian  Hill,  located  on  the  farm  of 
Mr.  James  Sanders,  ahoat  three  and  a  half  miles  north  of  Fellsville, 
Hancock  County,  Kentucky,  Indian  Hill  is  about  lijO  feet  in  height, 
and  on  the  summit  of  it  are  three  mounds  built  entirely  of  sandstone, 
which  must  have  t>een  conveyed  a  distance  of  at  least  250  yards  up  tbe 
steep  side  of  tbe  bill.  The  moands  are  25  feet  in  diameter  at  tbe  base, 
and  were  originally  12  feet  in  height,  15  feet  apart,  and  in  a  straight  line 
with  the  ridge,  of  the  hill,  which  runs  in  a  direction  northeast  by  east. 
The  average  weight  of  the  stones  used  in  constructing  these  monuds  is 
about  65  pounds,  but  many  of  them  will  weigh  100  pounds.  The  mounds 
were  perfectly  solid,  having  no  cavity  iu  the  interior  whatever,  neither 
were  used  as  sepulchres,  for  tho  parties  who  opened  them  some  years 
ago  state  that  they  found  no  traces  of  human  remains.  Close  to  tbe 
base  of  one  of  the  mounds  is  a  white-oak  tree  which  is  about  IS  or  20 
inches  in  diameter,  and  probably  one  hundred  and  fifteen  years  of  age. 
This  tree  bears  no  mark  or  backs,  which  it  doubtless  would  have  re 
ceived  and  yet  exhibit,  if  the  Indians  who  occupied  this  country  one 
hundred  years  ago  were  in  any  way  connected  with  these  mounds.  About 
20  feet  northeast  of  the  most  northerly  monnd  many  flint  chips  may  be 
found,  which  indicates  tbe  place  where  tbe  mouud-builders  were  in  the 
habit  of  manufacturing  their  arrow-heads,  spear-heads,  &c.  Many  stone 
implements  occur  in  the  vicinity  of  these  mounds. 


ANTHtVITlES   OF   TENNESSEE. 

Bv  W.  M.  Clark,  o/  Frantlin,  Twin. 

The  mounds  and  cemeteries  of  Tennessee  are  situated  tbronghout  tbe 
whole  of  the  State,  but  especially  in  tbe  middle  portion.  Tbe  Indians 
seem  to  have  preferred  a  water-course  for  their  habitations,  and  it  is 
generally  the  case,  that,  wherever  these  remains  exist,  there  are  the  venv 
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best  of  oar  fnrmiDg  lands.  There  are  various  kinds  of  tbese  remains, 
encli  as  monodd,  cemeteries,  aad  fortified  camps.  There  is  a  sia^Ur 
chaio  of  works  extending  from  the  Tennessee  River  at  Florence,  Ala., 
diagonallyacross  the  State  of  Tennessee  and  resting  on  the  Upper  Cnm- 
berland  Birer  nearMonticello,  Ky.  Whetheror  not  this  chain  denoted 
a  line  of  travel  for  the  aborigines,  or  was  accidentally  the  most  thickly 
populated  section  of  country,  I  know  not.  This  region,  at  any  rate,  is 
far-fomed  for  its  fertile  soil,  and  is,  at  this  time,  the  most  thickly  popu- 
lated section  of  Tennessee.  lu  the  county  of  Williamson  alone,  where 
my  investigations  piiocipally  were  made,  are  foor  fortified  camps,  and 
the  builders  of  these  defenses  evinced  a  shrewdness  in  the  selection  uf 
location  and  the  manner  of  improving  the  oataral  advantages  that  we 
seldom  find  among  the  ignorant  savages  of  the  present  day. 

Id  May,  1875,  with  a  force  of  hands,  I  commenced  digging  in  a  large 
mound  situated  two  miles  from  Franklin,  in  this  county.  Tliis  inonod 
is  located  upon  a  high  hill  on  the  farm  of  Dr.  William  Beid.  The  hilt  is 
isolated,  and  commands  a  view  of  the  country  for  many  miles  ia  every 
direction.  It  is  400  feet  in  circamferenee,  and  is  surrounded  by  a  level 
terrace,  smooth,  and  free  from  stones.  The  height  above  the  terrace, 
after  ages  of  settling  and  attrition,  is  20  feet.  It  is  covered  by  a  growth 
of  trees  similar  to  those  of  the  surrounding  forest,  which  has  never  been 
cleared.  The  bill  is  very  rocky,  and  the  wonder  to  me  was  where  so 
much  soil  had  been  procured.  But  my  wonder  ceased  after  a  few  hoars' 
digging,  for,  when  I  had  penetrated  the  deposit  of  made-soil  on  the  sur- 
face abont  IS  inches,  I  came  to  the  material  of  its  constraction, 
which  consisted  almost  wholly  of  limestone  bowlders,  gathered  from  the 
face  of  the  hill.  Tbese  stones  varied  from  small,  broken  pieces  to  masses 
which  would  tax  the  strength  of  a  large  man  to  carry,  Abont  4  feet  from 
the  top,  we  came  to  a  layer  of  graves  extending  across  the  entire  mound. 
The  graves  were  constructed  in  the  same  manner  as  those  fouud  in  the 
cemeteries,  hereafter  to  be  described ;  that  is.  of  two  wide  parallel  slabs, 
abont  2^  feet  long  for  sides,  and  with  the  bottom,  head,  and  foot  stone  of 
the  same  material,  making,  when  put  together,  a  box  or  sarcophagus. 
Bach  of  tbese  coffins  had  bones  in  it,  some  of  women  and  children  together, 
and  others  of  men.  Namerous  bones  of  rodents,  and  a  few  of  deer,  were 
mixed  with  the  human  bones,  and  were  in  a  much  better  state  of  pre- 
servation than  the  latter.  In  fact,  the  human  bones  were  very  much  de- 
cayed, and  I  was  able  to  obtain  onlyafew  fragments.  The  skeletons  were 
laid  in  the  graves  with  the  heads  to  the  east,  and  the  arm  and  leg  bones 
were  alongside  of  the  body.  It  is  probable  that  the  later  tribe  of  In- 
dians osed  this  place  as  a  sepnlcber,  from  the  fact  that  these  graves 
were  so  near  tho  top  of  the  mound,  having,  in  the  other  mounds,  found 
the  skeletons  at  or  near  tho  center,  and  at  the  bottom.  The  only  relics 
I  discovered  among  these  graves  were  a  string  of  beads,  which  were  ly- 
ing with  the  cervical  vertebra  of  the  skeleton  oCa  woman.  Tbese  beads 
are  made  of  chalk,*  and  have  a  polish  when  not  eroded  by  lying  in  con- 

*  Probably  of  sUell.  wbicb,  irben  decoiupoaed,  has  tbe  appearanca  of  obalL 
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tact  with  the  soil.  They  are  Inrge  in  the  ceiiter,  gradnally  tapering 
each  way  to  the  end.  There  were  also  some  broken  fragments  of  pot- 
tery, bnt  no  entire  vessels.  We  penetrated  the  center  of  this  mound 
nntil  we  struck  the  top  of  the  hill,  and  it  appeared  that  the  builders  bad 
nia<1e  no  change  in  its  apes,  but  simply  piled  ap  rocks,  with,  possibly, 
some  soil,  at  its  summit,  the  top  beinf^  slighlly  truncated. 

About  two  miles  to  the  west  is  a  group  of  mounds,  and  a  cemetery, 
and  every  evidence  of  a  targe  encampmeut.  Eartb-works  were  also  once 
there,  but  they  have  been  destroyed  by  cultivation,  being  located  in  a 
very  fertile  valley  on  West  Harpeth,  and  all  fully  in  view  of  this  monnd. 
I  am  under  the  impression  that  this  was  an  advanced  ontpost  for  the 
village,  and,  as  such,  was  used  as  a  signal  station  to  warn  the  iubabit- 
auts  of  approaching  danger.  There  was  do  altar  at  its  bottom,  nor 
any  evidence  of  fire,  except  just  alMve  the  graves,  where  a  few  ashes  were 
foond,  caused  probably  by  the  signal-fires  here  lighted.  Whether  the 
terrace  was  made  by  the  subtraction  of  the  soil  in  the  formation  of  the 
moand,  or  by  soil  carried  there,  did  not  appear. 

North  of  this  hill  and  near  ils  base,  on  a  slight  elevation,  were  three 
small  mounds,  not  more  than  20  feet  in  diameter  and  about  6  feet  high, 
thoagh  their  height  had  been  reduced  by  cultivation.  I  examined  two  of 
them,  and  found  do  remains  of  skeletons  or  relics,  but  beneath  the  level 
of  the  surrouuding  land  was  a  simple  pile  of  stoue  mixed  with  ashes. 
These  were  evidently  altars,  and  thoagh  ludely  put  up,  showed  the 
handiwork  of  man.  We  went  altogether  below  the  stones,  butfonnd 
DothiDg.  I  then  removed  my  party  to  the  farm  of  Samuel  F.  Glass,  to 
the  encampments  above  alluded  to,  about  two  miles  to  the  west.  There 
is  a  fine  gronp  of  monuds,  and  four  of  them  are  in  a  line  from  north  to 
south ;  a  large  one  in  the  center,  flanked  on  the  south  by  two  small  ones, 
and  OD  the  Dorth  by  aDother,  evidently  intended  to  be  a  targe  one,  but 
from  some  interruption  never  finished.  This  last  was  not  more  thaa 
3  feet  high,  thoagh  7S  feet  in  diameter.  It  had  l>een  cultivated  a  great 
number  of  years,  but  showed  distinctly  its  proportions.  Being  in  cultiva- 
tion at  the  time  of  my  visit,  I  did  not  examioe  it.  The  two  smaller  ones 
were  about  0  feet  high  and  20  feet  iu  diameter,  while  tl>e  largest  was  20 
feet  high  and  400  feet  iu  circumference.  They  did  Dot  stand  Id  a  per- 
fect Hue,  bat  formed  the  segment  of  a  very  large  circle,  the  largest  mound 
forming  the  lowest  part  of  the  curve.  I  made  a  section  across  the  large 
one,  carefully  Doting  the  work  which  progressed  from  cither  side.  I 
dug  east  and  west  two  trenches,  meeting  in  the  center.  This  proved  very 
couclnsively  to  have  been  a  sacrificial  mound,  and  thoagh  the  relics  found 
were  indeed  few,  yet  they  were  of  the  greatest  interest.  There  were 
DO  stones  in  the  mound,  it  being  coDstracted  eotirely  of  soil,  uot  eveu 
any  clay  l>eiDg  visible.  It  had,  6  feet  from  the  summit,  a  layer  of  ashes 
and  baked  earth.  This  layer  was  conical,  as  if  spread  over  the  top  and 
afterward  covered  up.  The  evidence  of  fire  extended  al>ont  8  feet  over 
the  sarface,  so  that,  iu  the  section  presented  to  view,  the  ashes  formed 

„  Google 


272  ANTIQUITIES  OF  TENNESSEE. 

a  carve  about  8  feet  across.  Charred  wood  was  ititermixed  with  tbe 
ashes,  showing  that  tbe  earth  had  been  piled  on  it  while  yet  baming. 
No  fragments  of  bono  were  foand,  as  tbey  would  surely  have  been 
if  there  had  been  any  burning  of  anima)  offerings.  These  layers  of 
bnrut  soil  and  ashes  recurred  every  6  feet,  until  we  reached  the  last, 
which  was  on  a  level  with  the  earth,  but  for  4  feet  below  the  surface 
the  whole  seemed  baked  and  interspersed  with  ashes  and  chai-coal.  In 
this  charred  mass  of  earth  we  came  upon  the  only  relics  contained  iu 
the  mound ;  both  are  of  copper,  and  were  made  of  unsmelted  ore.  No. 
1  is  a  face  or  mask,  and  is  composed  of  four  pieces.  Tbe  main  pieces 
are  beaten  together  in  the  center  by  some  instrument  of  stone,  tbe  mark 
of  the  blows  being  distinctly  visible.  One  piece  is  riveted  on  each  side 
to  represent  ears,  and  the  rivets  are  exceedingly  well  put  ia  and  &riDl,T 
anited.  It  is  oral  in  shape,  G  inches  long  and  4  wide,  being  about  as 
large  as  the  average  face  of  a  man.  By  aid  of  a  sharp  tool  small  dots 
were  made  to  trace  the  location  of  the  eyes,  eyebrong,  nose,  and  montli, 
iind  a  hori?.outal  line  beneatli  tbe  nose  sliows  tbe  place  of  the  nose- 
stick,  which  has  a  pendant  on  either  end,  with  a  bead  or  other  oruament 
resting  on  the  cheek.  At  its  lower  edge,  below  tbe  chin,  are  three  rivet- 
boles,  by  wbicli  it  was  possibly  fastened  to  a  wooden  or  stone  body,  and 
then  mised  upon  tbe  altar,  with  its  bnrnished  surface  glittering  tu  tbe 
sun,  an  object  of  pride  and  adrairatioa  to  the  assembled  nation.  One 
.side  of  this  mask  ia  eroded,  and  the  whole  is  heavily  coated  with  the  oxide 
olco[iper.  By  its  side  lay  another;  itconsists  of  two  concave  disks,  wbicli 
are  connected  together  by  a  stem,  tbe  whole  being  shaped  like  an  boor 
glass,  hollow  through  its  entire  length.  It  was  also  hammered  ont  of 
copper  ore,  and  so  deftly  done  tbat  no  joints  are  risible  either  in  tbe 
ends  or  in  tbe  stem.  Tbe  stem  is  not  riveted,  but  seems  cootinnons,  as 
if  it  bad  been  cast  in  one  piece  -,  yet  the  blows  of  the  tool  with  which  it 
was  made  are  plainly  visible.  At  first  I  supposed  it  to  have  been  a 
spool  upon  which  tbe  Indians  wound  their  thread  of  sinews ;  nor  could 
I  have  guessed  its  proper  use  had  I  not  discovered  one  of  a  similar 
kind  in  ao  adjacent  mound.  It  would  have  been  a  costly  spool,  for,  no 
doubt,  with  their  mechanical  appliances,  it  was  a  labor  of  long  dura- 
tion to  fashion  one  such,  and  I  afterward  became  convinced  that  it  was  an 
emblem  of  authority,  and  was  worn  aroaud  the  neck  of  their  priest 
Where  did  tbey  procare  the  copper  T  There  ia  none  in  this  country 
nearer  than  the  mountains  of  Unaka,  300  miles  distant,  and  the  still 
more  remote  shores  of  Lake  Superior.  The  existence  of  copper  imple- 
ments is  so  rare  in  this  State,  that  they  must  have  been  indeed  predoas 
to  tbe  tribe  owning  them,  and  may  have  been  baried  for  safe-keepiug' 
The  two  smaller  mounds  were  now  examined,  but,  in  the  one  nearest 
the  large  one  I  found  nothing,  it  having  been  previously  opened  and  ex- 
amined by  Dr.  Joseph  Jones,  of  New  Orleans.  In  tbe  farther  one,  how- 
ever, I  found  an  oval  piece  of  galena,  weighing  three  pounds— this  lay 
about  4  inches  to  one  side  of  the  other  objects — and  a  piece  of  a  loffer 
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maxillary  bone.  A  mao  bad  been  buried  in  tbis  mound,  but  all  that 
-was  left  of  him  was  some  boDe-eartb,  Bfaowing  where  they  laid  him,  and 
this  email  fragment  of  the  Jaw-bone,  preeferred  by  its  contact  with  the 
copper,  it  being  colored  and  permeated  by  the  oxide  of  copper.  It  is 
the  central  piece  of  the  lower  jaw,  and  shows  on  each  eide  the  mental 
foramina  and  the  absorbed  remains  of  the  alveolar  processes.  Only 
fragments  of  the  incisors  remain.  Now,  the  fact  that  the  skeleton  was  * 
entirely  decayed,  excepting  tbis  small  fragment,  plainly  indicates  its 
great  antiqnity ;  for  in  all  the  mounds  examined,  not  only  by  myself,  but 
by  others,  wbore  tbe  remains  of  bones  are  discovered  at  all,  tbey  are  in 
a  good  state  of  preservation,  tbe  depth  of  the  sepnlcher  preserving  them 
from  decay.  And  yet,  in  the  bottom  of  tbis  monnd,  never  before  brought  to 
light,  or  snbjected  to  the  inQuences  of  the  atmosphere,  only  tbis  remains ; 
and  even  that  would  have  long  since  moldered  into  dnst  had  it  not  been 
in  contact  with,  and  almost  sarronnded  by,  this  piece  of  copper.  Nor 
was  this  the  only  strange  tblng  preserved  by  this  copper,  for  on  the  stem 
of  the  bobbin  was  about  18  inches  of  flax-tbread  and  throagb  its 
center  was  a  piece  of  cord.  This  thread  and  cord  are  green  from 
the  eSiect  of  the  copper  and  still  retain  some  degree  of  strength.  I 
say  it  is  flax,  but  of  that  I  am  not  certain,  as  I  examined  it 
with  a  pocket  microscope  only.  It  certainly  is  not  of  animal  filter,  but 
is  vegetable.  It  had  evidently  been  hanging  around  the  neck  of  the 
skeleton  over  which  this  mound  was  erected,  and,  tbe  lower  jaw  drop- 
ping, the  mental  portion  of  tbe  bone  became  naturally  wedged  in  tbe 
copper  bobbin,  and  thus  it  remained  nntil  my  discovery.  The  skeleton 
was  that  of  a  very  old  man.  In  all  my  exhumations  I  have  not  before 
found  a  decayed  skeleton,  rarely  even  a  missing  tooth.  The  order  of  loss 
is  well  known;  flrst,the  molars,  then  tbe  bicuspids,  and  finally  tbeinclsora. 
Hereall  were  gone.  From  these  factslsuppose  this  man  to  have  attained 
a  very  great  age.  From  the  known  veneration  of  the  later  races  of 
Indians  for  the  aged,  I  infter  that  he  was  one  of  their  rulers ;  and  tbe 
Indiana  being  patriarchal  in  tbeir  form  of  government,  be  most  have 
been  a  priest  and  a  noted  person,  or  no  monnd  would  have  marked  tbe 
place  of  bis  burial.  Tbis,  then,  Is  my  reason  for  beliovlng  these  copper 
bobbins  to  have  been  tbe  symbols  of  ofSce  or  authority,  and  not  simply 
spools  upon  wbich  to  wind  their  thread.  The  fragment  of  thread  is 
coated  with  some  kind  of  gum,  probably  aspbaltum,  and  that,  no  doubt, 
contributed  to  its  preservation.  These  few  relics  were  all  that  was 
obtained  from  these  mounds,  except  the  piece  of  galena,  before  alluded 
to,  wbich  may  have  served  to  give  weight  to  tbe  dob  of  some  stalwart 
warrior.  TJufortnnately  tbe  land  has  been  cleared  and  cnltivate<l  so 
long  that  most  of  the  graves  have  been  destroyed.  Several  ledges  of 
rock  pass  tbroogb  it,  and  in  every  crevice  of  these  ledges'bones  are  de- 
posited. They  are  also  to  be  found  scattered  over  tbe  ground,  where  tbey 
have  not  been  destroyed  by  the  plow  and  tbe  elements.  Old  settlers  say 
tbat  at  one  time  the  ground  was  thickly  strewed  with  tbcm.  Kear  tbe 
18  B 
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eoater  of  tfae  great  cemetery  stands  a  hage  moaad,  the  finest  in  the  conn- 
try,  and  one  which  I  was  anzioas  to  examine,  but  was  prereoted  from 
doing  80  by  the  scrnples  of  the  owner.  E  examined  some  of  the  graves, 
I'owever.  I  foaod  them,  as  nsoal,  composed  of  flat  stones,  set  edgenige, 
with  stone  bottoms,  but  no  covering  except  earth.  Several  pieces  of 
crockery  were  broken  by  tlie  carelessness  of  the  assistants.  One  spec- 
imen resembles  perfectly  a  sqaash,  and  tends  to  show  that  tliis  vegeta- 
ble at  least  was  familiar  to  these  people.  I  also  obtaineil  a  string  of 
beads,  and  an  amalet  which  resembles  the  face  of  a  man.  Many  relics 
have  been  taken  from  these  graves,  bat  being  considered  of  little 
valne  were  neglected  aatil  lost  or  destroyed.  There  was  at  one  time  a 
large  fortified  camp  which  withstood  the  changes  of  tjme,  but  it  has 
long  since  yielded  to  the  inflnence  of  the  plow.  Three  miles  south  of 
Franklin,  on  a  bluff  of  Big  Harpeth  Biver,  was  soother  camp,  covering 
twelve  acres  of  land,  each  end  of  the  inclosing  earth-work  resting  upon 
the  blaff.  This  camp  was  surroaoded  by  a  wall  and  ditch,  and  three 
moQDds  were  within  the  inclosaro.  Three  mounds  were  examined  in 
1867  by  Professor  Jones,  the  result  of  which  I  have  not  been  able  to 
procure.  I  fonnd  a  few  isolated  graves  there,  from  which  I  procured  a 
very  perfect  vase  with  ears  to  it.  This  vase  was  lying  inverted  by  tlie 
neck  of  a  male  skeleton,  and  there  were  also  some  bones  of  a  deer.  A 
pile  of  rooks  near  by  indicated,  as  I  thought,  a  grave,  but  E  found  it  to  be 
an  oven,  lined  at  the  bottom  and  sides  with  baked  clay,  and  covered 
with  flat  rocks.  It  bad  broken  pieces  of  pottery  in  it  Ou  the  largest  of 
the  three  mounds,  atwut  half-way  up  the  slope,  a  grave  was  discovered 
containing  a  large  skeleton.  Piercing  the  sternum,  from  the  interior, 
was  a  small,  delicately-made  arrow-head,  the  cause,  no  doubt,  of  the 
death  of  the  bnried  man. 

The  most  celebrated  cemetery,  and  the  one  most  frequently  resorted 
to  by  relic-hunters,  is  at  "Old  Town,"  seven  miles  northwest  of  Frank- 
lin, ou  the  farm  of  Urs.  Brown.  Formerly,  like  other  eucampments, 
it  bad  a  wall  and  ditch  surrounding  it,  but  they  are  gone.  There  were 
many  graves  aud  mounds  scattered  over  the  iuclosure.  Most  of  these 
graves  hare  long  since  been  emptied  of  their  coutents,  and  the  mounds, 
for  the  most  part,  have  been  dag  into.  However,  I  obtaiaed  some 
very  interesting  relics  here,  amoug  them  two  beantifnl  pieces  of  ivory 
carved  with  a  predsion  seldom  seen  am*ong  Indians.  They  are  made 
from  a  tusk,  probably,  of  the  mastodon.  The  larger  one  mnst  have 
come  from  the  tusk  of  a  monster,  for  to  furnish  material  for  such  a 
gorget  it  must  have  been  12  inches  in  diameter.  These  gorgets  have 
two  boles  in  the  edge,  near  each  other,  and  they  were  most  probably 
worn  suspended  on  the  breast,  aud  may  have  been  emblems  of  authority. 
Ono  of  them  was  in  the  grave  of  a  giant,  for  a  large  man  conld  pass  the 
lower  jaw-bone  around  bis  face;  and  the  thigh-bone  was  four  inches 
longer  than  that  of  a  man  six  feet  two  inches  high.  A  piece  was  frac- 
tured off  one  edge  by  accident  after  taking  it  up.    Another  string  of 
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beads  was  procared  here.  Tbey  are  made  of  bone,  are  qai  te  small,  and 
vere  lying  in  tbe  grave  of  ao  infant.  The  dead  in  this  cemetery  were 
all  baried  vith  their  beads  towi^d  tbe  east,  and  some  graves  contained 
the  bones  of  three  or  foar  persons.  It  was  qaite  common  to  find  tbe 
bones  of  children  and  adults  in  one  grave,  though  occasionally  a  grave 
was  occapied  by  several  children.  The  relics,  when  there  were  any,  were 
always  foand  by  the  side  of  the  sknil. 

Where  they  procared  the  material  to  make  the  greenstone  axes  found 
among  their  grave  relics  I  cannot  aay,  as  it  is  a  volcanic  or  igneous 
rock,  and  none  is  found  in  this  State.  It  is  said  that  s  bluff  on  the  Mis- 
souri Biver  furnished  the  neighboring  Indians  with  tbe  material  for 
these  and  many  other  implements. 

A  jar  holding  about  two  quarts,  and  a  small  pot,  were  ezhnmed.  In 
tbe  latter  was  found  a  piece  of  oxide  of  iron,  weighing  about  two 
ounces,  which  shows  a  worn  spot,  where  it  had  been  scraped  by  the 
owners  to  obtain  paint  for  their  bodies.  It  readily  yields  a  dusky-red 
color  on  being  moistened.  In  one  of  tbe  graves  were  found  five  beauti- 
ful oblong  beads  of  amber,  two  inches  long,  and  in  the  center  one-half 
inch  in  diameter.  They  were  smoothly  bored,  and,  tboogb  showing 
some  cracks,  were  still  entire.  Unfortanately,  these  were  stolen.  They 
sbowed  a  fine  polish,  and  would  have  been  prized  by  oar  ladies  very 
highly.  I  also  saw  a  bead  of  tbe  same  material  raised  upon  the  drill  of 
a  well-borer  in  this  town,  only  differing  from  tbe  others  in  the  fact  that 
it  was  round  and  about  tbe  size  of  a  grape.  It  was  accidentally  lost  by 
tbe  gentlemen  who  discovered  it.  I  have  a  small  implement  of  con- 
glomerate— iron,  silica,  and  pyroxene — so  hard  that  the  best  file  will 
make  no  impression  upon  it,  and  tapering  both  ways  from  about  one- 
third  its  length.  It  is  difficult  to  conceive  its  use,  unless  by  the  aid  of 
sharp  sand  it  was  used  to  bore  or  drill  the  bowl  and  stem-hole  of  their 
pipes.  It  fits  those  openings  in  both  the  pipes  which  I  have.  I  also 
procured  a  large  number  of  axes  of  every  size,  from  the  smallest  toma- 
hawk to  tbe  largest  chopping-ax.  Flint  arrow-heads,  harpoon-heads, 
and  spear-beads  also  are  plentiful  in  my  collection,  besides  many  other 
utensils  and  implements.  On  the  bluffs  of  tbe  Big  Earpetb  many  pic- 
tnres  of  Indians,  deer,  buffalo,  and  bowa  and  arrows  are  to  be  seen. 
These  pictures  are  rudely  drawn,  but  the  coloring  is  as  perfect  now  as 
when  first  pat  on.  We  have  also  bone  awls,  bnckbom  handles  for 
kulvee,  &t. 

We  now  have  to  consider  the  most  interesting  relics  found  with  the 
dead  aborigines,  viz,  the  idols ;  and,  as  I  have  before  stated,  since  it  is 
universally  conceded  that  our  Indians  are  tbe  only  known  savage  race 
wbioh  does  not  worship  idols,  it  is  difScult  to  define  tbe  use  to  which 
these  relics  were  pat  by  their  owuers.  I  have  procared  foar  speci- 
mens, all  of  sandstone,  except  one  made  of  clay  and  sand  and  burnt. 
One  of  these  idols  weighs  27^  pounds,  and  is  cut  from  a  solid  block  of 
sandstone.    It  is  remarkable  for  its  great  resemblance  to  the  idols  of 
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India  and  China.  The  wra-kmsnehip  la  rade,  it  is  trnci,  bat  f^ithfal  in 
its  details.  The  legs  are  only  represented  to  the  linees.  There  is  an 
attempt  to  shov  the  hair,  and  at  the  IkwIc  of  the  head  there  is  a  knot 
of  hair,  irlth  a  loop  for  the  sospensiou  of  ornaments.  This  figure  does 
not  contain  an  opening  like  a  pipe,  and  was  evidently  only  intended  as 
a  representation  of  a  man.  It  was  found  lying  in  a  grare  by  the  side 
of  a  huge  skeleton,  mnch  taller  than  the  present  race  of  men.  The 
skeleton  was  in  snch  a  state  of  decay  that  it  eonld  not  be  preserved. 
Another  idol  of  sandstone  of  mach  rnder  workmanship  than  the  former 
was  fonnd  here.  It  weighs  eight  poands,  and  was  also  taken  f^m  a 
grave.  Evidently  art  was  in  its  earliest  stages  when  this  was  esecnted, 
and  it  is  rather  a  caricatnre  than  a  likeness  of  man.  The  arms  folded 
on  the  breast  are  only  ontlines  traced  in  the  stone,  and  the  features  are 
made  in  a  similar  manner.  The  breasts  are  larger  in  proimrtion  than 
those  of  the  former  image,  and  iirom  their  prominence  I  am  inclined  to 
think  it  was  intended  for  a  female.  Another  figure  alwnt  the  same  size 
and  of  the  same  material  was  found;  it  nnqnestionahly  represents  a 
woman.  The  features  are  more  distinct,  and  the  arms,  instead  of  t>eiug  - 
crossed,  rest  npon  the  side,  with  the  bands  upon  the  knees.  The  breasts 
are  well  developed,  and  the  spinal  colnmn  is  marked  along  the  entire 
length  of  the  back.  The  head-drees  is  peculiar,  the  hair  being  in  folds, 
and  divided  into  three  separate  parts,  with  a  knot  on  the  top  of  the  head. 
All  these  images  were  taken  from  graves,  though  monuds  were  in  their 
immediate  vicinity.  I  have  many  other  relics  of  the  moond-bnilders, 
but  tbesfe  comprise  the  most  important  and  interesting. 


AHiniinf fBB  OF  NUHmiB,  TIKK. 

By  B.  S.  RoBKRTfiOK,  of  fbri  Vajnu,  J>d. 

Od  the  27th  of  Angnst,  1877,  during  the  session  of  the  American 
Association  for  the  Advanoemenl  of  Scienoe^  in  company  with  Mr.  H.  IT. 
Bnst,  of  Chicago,  and  Mr.  E.  Cnrtis,  of  Kasbviile,  I  visited  a  locality 
famous  for  its  stone  graves,  or  "  dsl "  bnrlal^.  It  is  a  vast  cemetery, 
sitnate  on  a  hill-side,  about  two  miles  from  the  State  House,  beyond 
Fisk  University,  the  hill  being  crovrned  by  Fort  ZolliooSier,  a  Confed- 
erate earth-work  commanding  the  Camberland  River  for  a  considerable 
distance.  Nearly  all  the  hills  and  ridges  in  the  vicinity  are  aaid  to  have 
been  occupied  and  used  as  cemeteries  by  the  aborigines.  A  brief  search 
tbrongh  a  corn-field  close  at  hand  rewarded  us  with  a  uamber  of  perfect 
and  broken  arrow-points  and  two  pesties,  one  of  which  is  pecoliar  from 
having  the  apper  end  flattened  like  the  "  flesbers,"  or  "  skin-dressing 
implements."  The  ground  on  the  face  of  the  hill,  wher«  denuded  by 
the  actios  of  the  weather,  is  covered  with  periwinkle  shells,  and  ou 
digging  we  foaud  tbem  everywhere  mixed  in  large  qoaotities  with  the 
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earth  Ailing  the  graves.  The  gr&VM,  or  "  cistB,"  do  BOt  seem  to  be  laid 
ont  according  to  any  regular  plan,  tboogh  many  of  then  are  Bide  by 
side  and  located  close  together.  We  foQDd  none,  however,  in  which  the 
same  slab  van  need  aa  a  partition  between  two  barials,  bat  those  opuied 
were  complete  in  themselves.  Of  two  completely  ezhamed  by  as,  lying 
aide  by  side,  one  had  stone  slabs  lying  on  the  bottom  npoo  which  the 
body  had  been  laid.  The  sides  and  ends  of  the  grave  were  lined  with 
tbin  limestone  slabs,  making  a  complete  atone  cUt,  aboat  sis  feet  long 
and  Jnst  wide  enongh  for  the  body  to  be  placed  within  it,  with  the  arms 
pressed  close  to  the  side.  The  body  had  been  placed  on  its  back,  bat 
the  head  had  taXlea  a  little  to  the  right  side,  and  the  pressnre  of  the 
earth  had  coosed  a  distortion  of  the  base  oC  the  skull  in  the  opposite 
direction  from  the  point  on  which  the  shall  rested.  Close  to  the  left 
shoaldera  small  earthen  vase,  holding  about  a  gill,  was  foand.  It  had 
perforated  ears  for  sospension,  and  was  filled  with  some  carbonized 
matter.  The  sk^eton  of  a  child,  of  abont  two  years  (as  we  snrmise 
from  the  condition  of  the  teeth),  lay  between  or  opon  the  legs  of  the 
adalt  (probably  a  female),  its  head  between  the  thighs,  and  the  body 
extended  down  along  the  legs.  The  earth  iostde  the  cist  was  very  com- 
pact, and  mixed  very  th(»oDghly  with  periwinkle  shells.  I  cooolndod, 
from  the  compactness  of  the  earth  within  the  cist,  that  it  bad  been 
heaped  ap  Mid  the  slabs  laid  npon  the  heap  to  allow  for  settling,  as  do 
space  existed  between  the  covering  slabs  and  the  earth  beneath. 

In  the  next  grave  there  were  no  stones  forming  a  bottom  to  the  cist, 
bnt  the  body  lay  npon  the  earth.  In  tbis  case  the  bead  bad  not  tarned 
at  all,  and  the  distortion  by  compression  was  a  flattening  of  the  rear  of 
the  sknl),  so  that  the  diameter  from  front  to  rear  waa  less  than  the  lat- 
eral diameter.'  No  ornamentB,  tools,  or  pottery  were  discovered  in  this 
grave,  but  a  flint  arrow-head  of  the  blunt  pattern  was  found  in  the  earth 
above  the  covering  slabs.  Another  noticeable  feature  was  the  fact  that 
part  of  the  covering  bad  fallen  in  at  one  side.  Had  the  stone  been  laid 
npon  the  upright  slabs  forming  the  aides,  it  could  hardly  have  Allien  in 
in  that  manner,  bat  must  have  broken  by  the  weight  of  the  saperin- 
cambent  earth.  The  earth  filling  the  grave,  as  in  the  other,  was  mixed 
with  shells. 

These  graves  are  found  everywhere  abont  Nashville,  and  within  the 
city  limits.  On  the  ridges  close  to  the  Sulphur  Spring,  the  stones  in- 
closing such  graves  may  be  se^n  protruding  ftum  the  gronnd,  where  the 
earth  above  has  weathered  off.  Fragments  of  pottery  abound,  some  of 
the  common  sort,  and  others  very  thick — about  one-half  to  three-fourths 
inch — oomposed  of  a  grayish  clay,  with  large  fragments  of  shells.  The 
vessels  of  which  they  were  part  must  have  been  very  large.  Tradition- 
ally, they  are  believed  to  have  been  need  in  evaporating  salt  from  the 
^ring.  A  brief  search  resulted  in  finding  nnmerons  specimeDB  on  the 
aarface  and  protrading  from  the  sides  of  the  ridges  near  the  sarfooe. 
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It  is  eaid  tbat  the  saline  properties  of  the  spring  were  more  notice- 
able before  tbe  deep  bore  was  made  wbich  produced  the  solpbar  water, 
whicb  is  so  mncb  patronized.    Tbe  well  is  now  300  feet  deep. 

My  main  object  in  presenting  these  facts  is  to  call  attention  to  the 
distorted  cooditioD  of  the  crania.  In  m;  opinion  many  otherwise  acate 
obeerrers  have  been  misled  in  their  classification  of  sknlls  by  tbe  ap- 
pearance of  those  distorted  by  invssure. 

My  experience  has  led  me  to  believe  that  many  skalla  considered  ab- 
normal, or  aa  belonging  to  a  race  type,  are  simply  distorted  by  the 
pressure  of  the  finperincambeot  earth.  To  illustrate:  If  a  corpse  has 
been  buried  in  a  sandy  or  otherwise  loose  earth,  with  the  eyes  tnmed 
upward,  as  tbe  soft  parts  decay,  tbe  skoll  is  filled  by  the  earth  pene- 
trating or  silting  down  through  tbe  sockete  so  as  to  present  a  resistance 
to  pressnre,  and  we  may  expect  to  find  a  skull  in  the  normal  condition. 
If,  on  the  otber  hand,  tbe  earth  is  hard  and  not  of  a  quality  to  penetrate 
and  fill  tbe  sbnil,  or  if  the  Bknll  be  tnmed  to  one  side  so  as  to  preTcot 
it  being  filled  except  by  a  slow  process,  we  may  expect  to  find  the  skull 
distorted,  bent  as  it  were,  and,  so  far  as  my  experience  goes,  tbe  rale  is 
iDvariable.  If  the  head  lay  on  its  side  we  should  have  a  dolichocephalic, 
and  if  upon  its  back  a  bracbycepbalio  sknll,  without  any  breaking  of 
the  bone.  If  turned  to  either  side,  we  should  have  a  distorted  skull, 
wbich  belongs  to  neither  class,  but  might  be  unwittingly  classed  as  a 
*'  type,"  or  as  an  sbuormal  development. 


AB0BIfll5AL  STBUCriBIS  IIT  «EOBflIA. 

By  CHABua  C.  Jonbs,  Jb. 


BIBD.SHAFED  STONE  TUUDU  I»  FUTHAH  COUHTT,  OEOBaiA. 

The  existence  of  cnrious  eCBgy-moonda  in  the  eontbern  counties  of 
Wisconsin  was  noted  by  Mr.  Lapham  in  1836.  Subsequently,  Mr.  Tay- 
lor, Ffofessor  Locke,  and  Messrs.  Squier  and  Davis  furnished  additional 
iuformatjon  in  regard  to  the  diatioctive  characteristics  of  these  aunsaal 
strnctnrea.  It  was  reserved,  however,  for  the  Smithsonian  InstitutioD, 
in  the  eeventb  volume  of  its  "  ContributioDa,"  to  furnish,  from  the  pen 
of  Mr,  Lapbam,  the  most  complete  account  of  these  interesting  remains. 
They  were  quite  numerous  along  the  great  Indian  trail  or  war-path 
ftt>m  Lake  Michigan,  near  Milwaukee,  to  the  Mississippi  above  the 
Prairie  du  Gbien.  Generally  representing  men,  buffaloes,  elks,  bears, 
otters,  wolves,  raccoons,  birds,  serpents,  lizards,  turtles,  and  frogs,  in 
some  instances  they  were  supposed  to  typify  inanimate  ot^eots,  such  aa 
bows  and  arrows,  crosses,  and  tobacco-pipes.    While  the  outlines  of  not 
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a  few  bad  been  serionsly  impaired,  others  In  a  spirited  and  correct  man- 
ner  declared  tbe  objects  of  their  iuitatioo.  Constmot«d  of  earth,  they 
varied  in  height  from  6  inches  to  7  feet.  In  certain  localities  the 
animals  were  delineated  not  in  relief  but  In  intaglio,  by  excavations 
and  not  by  elevations. 

Two  animal  mounds  have  been  ot>serTed  in  Ohio.  On  an  elevated  spar 
of  land  near  Granville  is  an  earthwork  known  in  the  neighborhood  as 
the  Alligator.  Its  total  length  is  250  feet.  The  bead  and  body,  fonr 
sprawling  legs  and  a  curled  tail,  were  all  clearly  defined.  Across  the 
body  it  was  40  feet  broad,  and  the  length  of  the  legs  was  36  feet  Fonr 
ftot  expressed  the  average  height,  while  at  tbe  shonlders  the  moood 
attained  an  elevation  of  6  feet.  It  was  manifestly  tbe  effort  of  tbe 
primitive  workmen  to  preserve  the  proportions  of  tbe  reptile. 

Sitnated  on  a  ridge  rising  150  feet  atwve  Brnsh  Creek,  in  Adams 
County,  is  a  still  more  remarkable  stmctare,  which,  from  its  oonflgnra- 
tlon,  has  rec«ved  the  appellation  of  tho  Gnat  Serpent.  "Conforming 
to  the  curve  of  the  fail),  and  occapying  its  very  summit,  is  the  serpent, 
its  bead  resting  near  the  point  and  its  body  winding  back  for  700  feet  in 
graceful  undulations,  terminating  in  a  triple  coil  at  tbe  tail.''  If  ex> 
tended,  its  entire  lenglb  wbnld  be  not  less  than  1,000  feet.  The  em- 
bankment is  upward  of  5  feet  high,  with  a  base  di&meter  of  30  feet  at 
the  center  of  the  body,  whence  it  diraiDiahes  somewhat  toward  the  head 
and  tail.  *'  Tbe  neck  of  tbe  serpent  is  stretched  out  and  slightly  carved, 
and  its  mouth  is  opened  wide,  as  if  in  the  act  of  swallowing  or  ejecting 
an  oval  figure,  which  rests  partially  within  the  distended  jaws." 

When  and  by  whom  these  remarkable  tumuli  were  built  is  not  known. 
The  object  of  their  construction  is  equally  a  matter  of  coiyMtare. 

It  has  been  supposed  that  these  animal-shaped  mounds  existed  only  in 
Wisconsin  and  a  tew  other  localities  in  the  West.  Oar  recent  observa- 
tions prove,  however,  that  the  primitive  dwellers  in  the  South  have  left 
similar  traces  of  their  noostnietive  skill. 

Six  miles  and  a  half  north  of  Eatonton,  in  Patnam  County,  Georgia, 
on  a  plantation  owned  by  the  heirs  of  the  late  Mr.  I.  H.  Scott,  may 
now  be  seen  a  bird-shaped  mound  of  definite  configuration.  Located 
in  the  midst  of  a  beautiful  wood,  and  crowning  a  high  ridge  near  the 
headwaters  of  Little  Glady  Creek,  it  is  composed  entirely  of  bowlders  of 
white  quartz  rock,  gathered  from  the  a^acent  territory.  Most  of  these 
bowldera  are  of  snob  size  that  they  could  have  been  transported  by  a 
smgle  individual.  For  the  removal  of  others  two  or  three  persons 
would  have  been  requisite.  These  bowldera  were  carefully  piled  one 
above  another,  tbe  interstices  being  filled  with  smaller  fragments  of 
milky  quartz.  Into  tbe  composition  of  the  stmoture  enters  neither  earth 
nor  clay. 
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This  stone  monad  lepreBentB  an  eagle  lying  npon  its  back,  wHb  ex- 
tended wings.  (Bee  Pig.  1.)  Tbe  bead  is  turned  toward  tbe  east.  In 
tbe  coDstrnetion  of  tbis  tamnlas  respect  vas  bad  to  tbe  object  imitated ; 
the  height  of  tbe  tomnlns  at  the  breast  of  tbe  bird  being  between  7  and 
S  feet,  its  altitnde  tfaence  decreasing  toward  the  bead  and  beak,  where 
it  is  not  more  than  2J  feet  bigb,  and  also  toward  tbe  extremity  of  the 
wings  and  tail,  where  it  has  an  elevation  of  scarcely  3  feet.  The  beak 
ie  decidedly  aqailine,  and  the  tail  is  indented.  Measored  from  tbe  top 
of  tbe  bead  to  the  extremity  of  tbe  tail  tbis  strnctare  is  102  fe«t  long. 
From  tip  to  tip  of  the  wings,  measan^d  acroaa  the  body,  we  have  a  dis- 
tance of  120  feet.  Tbe  greatest  expanse  of  tail  is  38  feet,  tbe  same  aa 
the  lateral  diameter  of  tbe  t>ody.  The  proportionB  of  the  bead,  neck, 
wings,  and  tail  are  cleverly  preserved.  That  tbia  tamnlne  was  designed 
to  typify  an  eagle,  we  think  may  t>e  affirmed  with  some  degree  of  con- 
fidence, and  that  it  possesses  umisnal  attractions  will  not  be  denied. 
Bnrroanded  by  primitive  forest  and  composed  of  most  durable  material, 
its  antiqnlty  is  evidently  very  considerable.  If  undisturbed,  it  will 
preserve  its  integrity  for  an  indefinite  period. 

By  aome  cartons  persons  an  attempt  was  made,  years  ago,  to  pry  into 
its  secrets.  A  partial  opening  was  effected  in  tbe  breast,  but  with  what 
results  we  ooaM  not  learn.  It  exc1t«s  no  sarprise  that  tbe  eagle  shonld 
bare  been  selected  in  ancient  times  as  a  symbol  of  all  that  was  swlft> 
powerful,  watchfal,  daring,  and  noble.  Of  its  feathers  was  tbe  battle- 
flag  of  tbe  Creeks  made.    Their  coanctl-lodges  were  snrmoonted  with 
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oarred  images  or  staffed  shins  of  this  regal  bird,  ^oae  among  the 
Cberokees,  save  approved  warriors,  were  permitted  to  wear  its  plames. 
To  this  king  of  the  feathered  tribe  were  religions  honors  paid  by  the 
SatcheZf  who  regarded  its  feathers  not  simply  as  ornaments  and  tro- 
phies, bat  as  marks  of  dignity  and  insignia  of  no  common  Import. 

Aboat  a  mile  and  a  half  fh>m  Lawrence's  Ferry,  on  the  Oconee  Biver, 
and  Bitoated  on  a  stony  ridge  near  the  main  road,  on  the  plantation  of 
Mr.  Kinchen  D.  Little,  in  Pntoam  County,  is  another  of  these  bird- 
shaped  monnds.  Like  the  former,  it  la  composed  wholly  of  bowlders 
of  vhite  qoartz  rock,  collected  from  the  fail!  on  which  it  stands.  (See 
Fig.  2.) 


FIQ.Z. 


^ '"-■--... 
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m  CodDty,  QaortUi 


lis  dioMMionB  do  Mt  materiaU;  differ  from  those  of  the  tnmnlaB  on 
te  Beott  pktoe.  The  tail,  bawever,  ia  bifaroated.  The  head  of  the  bird 
iiea  to  the  sonUieaat,  ead  Ita  wii^cs  are  extMided  in  the  direction  of 
northeast  and  sonthwest.  The  entire  lengtb  of  thestmetare,  from  the 
croirn  of  the  head  to  the  end  of  the  tail,  Is  102  feet  and  3  incbee. 
For  a  distance  of  twelve  feet  the  tail  is  bifurcated,  and  jost  above  the 
pomt  of  biforcatioD  it  is  13  feet  wide.  Across  the  body,  and  from  tip 
to  tip  of  the  wings,  the  tape  gave  ns  a  measarement  of  132  feet.  The 
body  of  this  bird,  which  is  evidently  lying  npon  its  back.  Is  stODter  than 
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that  of  the  eagle,  being  76  feet  in  diameter.  Its  wings  sre  relativel; 
shorter.  The  proportiona  of  the  head,  Deck,  and  tail  are  tolerably  well 
oheerred.  What  particalar  bird  this  tnmalas  is  designed  to  tjpity,  we 
are  at  a  loss  to  suggest.  The  altitade  at  the  breast  is  aboat  6  feet,  and 
ttom  that  point  the  atrncture  tapers  to  the  head  and  tail,  whioh  are  some 
two  feet  high.  At  the  tips  of  the  wings,  which  are  short  and  cnrred,  ttie 
height  is  not  more  than  a  foot  and  a  halt  The  ridge  Dpon  which  this 
moand  rests  has  never  been  cleared. 

Surroanding  this  bird-shaped  tnmnlns  is  an  incTosnre  of  rocks  similar 
to  th<»e  of  whieh  the  moood  is  bnilt.  This  stone-circle  is  symmetrical 
in  oatline,  and  at  its  neareat  approach  passes  within  a  few  feet  of  the 
tips  of  the  wings. 

Crowning  the  elevated  ridges  by  which  this  connty  is  traversed,  are 
occasional  rock-monnds  of  artiOcial  origin.  Usually  from  4  to  S  feet 
high,  and  with  base  diameters  of  from  30  to  40  feet,  they  are  oircniur  in 
form,  and  are  composed  of  the  fragments  of  milky  qnartz  so  commoa 
in  the  region.  Some  have  been  opened,  and  from  them  have  been  taken 
hnman  bones  and  relics  of  varioas  sorts.'  Manifestly  such  are  grave- 
monads,  it  being  easier  in  the  rocky  neighborhood  to  heap  sach  stoue- 
piles  above  than  to  cover  the  dead  with  earth.  Of  this  class  of  tnmnli 
we  instance  one  on  the  plantation  of  Dr.  J.  T.  de  Jamette,  12  miles  from 
Eatonton  and  about  a  mile  from  the  Oconee  Biver,  and  another  on  the 
land  owned  by  Gapt.  A.  S.  Beid,  foor  milea  from  Eatoaton  and  near 
Little  Biver. 

It  was  intimated  by  some  of  the  early  observers  that  tnmnli  of  this 
description  were  not  infreqnently  temporary  in  their  character,  and 
designed  as  a  protection  to  the  dead  who  perished  away  from  Iheii 
homea,  antil  sach  time  as  they  coold  be  conveniently  removed  and  carried 
back  for  interment  in  the  established  bnrial-groands  of  the  tribe  or  ooin> 
manity  of  which  the  deceased  were  members.  While  it  may  be  tn» 
that  some,  and  perhaps  many  of  the  smaller  rock-pilea  so  fteqneat  io 
many  portions  of  Cherokee  Georgia,  may  have  originated  in  this  way,  «e 
are  of  opinion  that  the  sabstantial  stractnres  to  which  we  have  allnded 
are  permanent  in  their  character,  and  were  erected  as  endnring  memo- 
rials of  the  primitive  dead  of  this  region.  Barely  no  more  lasting  mon- 
nmenta  coald  have  been  devised  at  that  early  period. 

The  existence  of  two  distinctly  marked  bird-shaped  moonds,  of  firm 
construction  and  excellent  proportions,  within  the  territory  ooeapied  by 
the  Soathem  tribes,  la  deeply  interesting,  and  will  attract  the  attenttoo 
of  the  stadent  of  American  archieology. 
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n. 

inOIKNT  TCHULI   ON   THE    BATABNAH    BIVEB,  TIBITBD    BT    VILLUU 
BABTBA3I,  Qf  1776. 

Near  the  dose  of  a  spring  day  in  1776,  Mr.  William  Bartram,  who,  at 
the  reqneat  of  Dr.  Fotbergill,  of  Londoo,  had  been  fbr  some  time  stady. 
lag  the  flora  of  CaroliDS,  Georgia,  and  Florida,  forded  Broad  Biver  Jnst 
above  its  oonflnence  with  the  SaTannah,  and  became  the  gaeat  of  the 
commanding  ofBcer  at  Fort  James.  This  fort  was  stloated  oa  an  emi. 
nence  in  the  forks  of  the  Savannah  and  Broad,  eqaidiatant  from  those 
nreraf  and  ftom  the  extreme  point  of  land  formed  b;  their  onion.  Fort 
Charlotta  was  located  about  a  mile  below,  on  the  left  bank  of  the  Sa- 
T&nnah,    The  stockade  of  Fort  James  was  an  acre  in  extent. 
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ICALC  Z  HIUU  to  1  INCH           1 

1 

Attended  by  the  polite  sargeon  of  the  garrison,  Bartram  made  an 
excnrsion  np  the  Savannah  Biver,  "  to  inspect  some  remarkable  Indian 
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monameDts,''  foar  or  five  miles  above  tbe  fort.  Of  them  he  writes  as 
follows:  "  These  wonderful  labors  of  the  anoienta  stand  iD  a  level  plaiQ 
ver;  near  tbe  bank  of  the  river,  now  20  or  30  yards  from  it.  They  oob- 
sist  of  conical  moantsofeHrtfa,  and  fonrsQaare  terraces,  &o.  Tbe  great 
moant  is  in  tbe  form  of  a  «oae,  alxrat  40  or  fiO  fi»et  faigb,  end  the  cir- 
euinfereaoe  of  its  base  two  or  throe  handred  yarda,  eatii^  eempoeed 
of  the  loamy,  rich  earth  of  the  low  grounds;  the  tap  or  apex  is  flat;  a 
spiral  path  or  track  leading  from  the  groand  np  to  the  top  is  still  risi- 
ble, where  now  grows  a  large,  beantiM. spreading  red  oedar  {Jmigtnu 
Amtruxma)'  There  appear  foar  nlohea  excavated  ost  of  the  sides  of  the 
hill,  at  diiforent  heights  from  the  base,  frontiag  the  foor  cardinal  poiaU; 
these  niohes  or  sentry-boxes  are  entered  froio  the  winding  potb,  and 
seem  to  have  been  neant  for  resting  places  or  loofcoats.  Sbe  oiicsa- 
jacent  gronnda  are  cleared  and  planted  with  Indian  com  at  present, 
and  I  think  tbe  pro^ietor  of  these  lands,  who  accompanied  os  to  tMs 
place,  said  that  tbe  mount  itself  yielded  above  one  handred  basbela  in 
one  season,  ^e  land  hereabouts  ts  Indeed  exceeding  fertile  and  pio- 
doctive," 

Tig.  a. 


Anelaottaaaltaii  tlw  BaTuuufa  Blrcr. 


Unable  satisfacterily  to  detertDine  tbe  pi«eiM  ottject  the  aborigiiM 
bad  in  contemplation  in  tbe  erection  of  tbia  striking  monument,  be 
hazards  tbe  conjecture  that  tbe  Indians  formerly  possessed  a  town  on 
tbe  river  bank,  end  raised  this  mound  as  "  a  retreat  and  refhge  In  case 
of  inundations,  which  ar«  unforeseen,  and  surprise  them  very  auddenlf, 
spring  and  automa." 

What  were  the  uses  of  tbe  smaller  elevations  be  does  not  suegest. 

Wishing  to  note  the  changes  which  might  have  occurred  during  the 
past  hundred  yean,  ve  visited  these  tnmull  a  tew  weeks  since,  tbe 
attendant  mounds,  which  are  mt^nly  grave-monnds,  had  been  materiaU; 
wasted  by  the  plowshare  and  the  influences  of  the  varying  a 
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The  tetivgon  terracea  had  lost  tbeir  distinctive  oatlines,  and  nere  little 
more  tbao  gentle  elevations ;  their  sarfaces  littered  with  sherds  of  pot- 
tei7  and  fliot  chips,  and  occasionally  with  JVagments  of  hnman  bones. 
Freshets  had  sadly  marred  the  level  of  the  a^aoent  space.  Overleaping 
the  river  bank,  the  torbid  waters  bad  carved  deep  pathways  in  the  sar- 
face  of  tbe  valley  on  both  sides  of  the  "  great  moaQt."  There  it  re- 
maittetl,  however,  wholly  anaffected  by  these  nnnsnal  carrents.  It  had 
evidently  suffered  no  perceptible  dimination  in  Its  recorded  dimensions. 
The  Savannah  Biver  still  parsaed  its  long-establisbed  channel,  bat  "  tbe 
four  niches  or  sentry-boxes,"  if  tbey  formerly  existed,  were  entirely  gone, 
and  of  <*the  spiral  path  or  track  leading  from  tbe  grotind  up  to  tbe  top  " 
we  conid  discover  no  trace.  On  the  Bonth  a  roadway,  abont  16  feet 
wide  aod  commencing  at  a  point  some  distance  ftvm  the  base  of  tbe 
monnd,  leads  with  a  regular  grade  to  the  top.  This  manifestly  fur- 
nished the  cnstomary  means  of  ascent,  as  the  sides  are  too  precipitous 
for  convenient  climbing.  This  feature  seems  to  have  escaped  Mr.  Bar- 
tram's  observation. 

Not  having  been  cnltivated  for  many  years,  the  apex  and  sides  of  this 
truncated  coue  are  now  clothed  in  a  luxuriant  growth  of  trees  and 
Bwamp  cane.  Attired  in  snch  attractive  garb,  this  tumalus  forms  a 
marked  object  in  the  profile  of  the  valley  from  which  it  springs.  Proofs 
of  long-continned  occnpaBcy,  by  tbe  aborigines,  of  the  adjacent  territory 
are  abundant.  Ancient  bnrial-places,  tbe  sites  of  old  villages,  traces 
of  open-air  work-shops  for  the  mannfactare  of  implements  of  jasper, 
quartz,  chert,  greenstone,  and  soapstone,  refbse  piles,  aud  abandoned 
fishing  resorts,  are  by  no  means  infrequent  along  both  banks  of  the  Sa- 
vannab  Biver  for  many  miles.  Upon  the  advent  of  the  European  the 
circoiDJaoent  valley  was  found  cleared  and  in  cultivation  by  the  red 
men,  who  here  bad  fixed  abodes  and  were  associated  in  considerable 
numbers.  Tbe  Southern  tribes,  in  tbe  sixteenth  century,  subsisted 
largely  upon  maize,  beans,  pumpkins,  and  melons.  These  they  planted, 
tended,  and  harvested  regularly.  Of  their  agricultural  labors  at  tbe 
dawn  of  tbe  historic  period  we  have  full  aooounts. 

So  vast  are  tbe  proportions  of  this  largest  mound  that  we  are  per- 
suaded it  rises  beyond  the  dignity  of  an  artifioial  place  of  retreat,  eleva- 
tion for  chieftain-lodge,  or  mound  of  observation. 

It  appears  entirely  probable  that  it  was  a  temple-mound,  built  for  sun- 
worship,  and  that  it  forms  one  of  a  well-ascertained  series  of  similar 
structures  still  extant  witbiu  tbe  limits  of  the  Southern  States.  The»e 
Florida  tribes,  as  they  were  called  in  the  days  of  De  Soto,  worshiped  the 
sun  and  were  frequently  engaged  in  the  labor  of  mound-building.  Over 
them  ruled  kings  who  exercised  powers  well-nigh  defl[H>tic.  Often  were 
tbe  concentrated  labors  of  tbe  nation  directed  to  the  accomplishment  of 
allotted  tasks.  Hence,  within  the  territory  occupied  by  these  peogtle^ 
we  Bod  many  traces  of  early  constructive  skill  of  unusual  magnitude. 

Tbe  material  employed  in  erecting  this  large  tumulus  differs  from  the 
soil  of  the  snrronndiog  bottom.    It  is  a  dark-colored,  tenacious  olarilc 
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wtiite  the  sarface  of  the  valley  is  covered  with  a  micaceoag  loam  nadlly 
dissolving  into  an  almost  impalpable  powder.  Keor  by  are  no  baoee 
of  pits  or  excavatioua.  "Sot  are  there  indications  that  any  earth  was 
scraped  ap  aroand  the  base.  These  facts  afforded  oonflrmatioD  of  ttie 
statement  made  by  the  present  owner  of  the  plaotatioa  npon  which 
these  tomali  are  located,  that  the  biff  monnd  bad  been  bailt  with  day 
broaght  from  the  Carolina  side  of  the  Savumah  Biver.  There  clay 
aboands ;  and  we  were  informed  that  in  the  side  of  the  bill  immediately 
opposite,  the  excavations  may  still  be  seen  whence  the  tongh  material 
was  obuuned  for  heaping  ap  this  moand.  This  tamalas  is  one  of  the 
finest  within  the  limits  of  Georgia,  and  shoald  be  classed  with  the 
truncated  pyramids  on  Tnmlin's  plantation  in  the  Etowah  Valley,  with 
the  largest  of  the  East  Macon  moands,  and  with  that  fniatram  of  a  four- 
sided  pyramid  on  Messier's  place,  in  Early  Coonty. 


in. 

ANCIBHT  TDUITIJ   OIT  THE  OOONEE  BIVBB. 

Aboat  a  mile  and  a  half  north  of  the  Fontenoy  Mills,  in  Greene 
Gonuty,  Georgia,  and  located  on  the  left  bank  of  the  Oconee  Biver,  an 
three  tamnii  snrrounded  by  traces  of  extensive  and  long-continoed  iD> 
humations.    The  largest  (A)  is  situated  rather  more  than  100  yards 
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east  of  tbe  rirer,  and  rises  aboot  40  feet  above  the  level  of  the  volley. 
In  f^eneral  ontlioe  it  may  be  described  as  a  traDcated  coDe.  Its  apex 
diameters,  measnred  north  and  sooth,  and  east  and  west,  were  reapeot- 
ively,  A5  and  68  feet.  At  tbe  base,  however,  the  flanks  are  extended  in 
thediiectionof  the  east  and  west  to  snch  a  degree  that  there  is  n  differ- 
ence of  35  feet  between  the  baee-diameters  rnnning  north  and  sonth, 
and  east  and  west;  the  former  being  133  feet  and  the  latter  168  feet.  At 
the  center  of  the  top  may  be  seen  a  ciroolar  depression,  some  20  teet  wide 
and  2  feet  deep.  Toward  the  north  tbe  face  of  this  tumnlns  ia  qnite 
prpcipitoos.  When  first  observed  by  the  European,  this  monument 
was  covered  with  a  growth  of  trees  as  dense  and  apparently  as  old  .is 
that  of  the  circnmjacent  lowlands.  When  the  neighboring  fields  were 
cleared,  this  mound  was  also  denuded  of  its  vegetation  and  cnltivated, 
its  rich  surface  yielding  generous  harvests  both  of  com  and  cotton. 
AltLongh  now  overgrowu  with  bmmblea  and  small  trees,  which  materi- 
ally retarded  minute  inspection,  it  appeared  quite  probable  from  the 
scars  on  the  surface  of  the  valley  in  the  immediate  vicinity,  that  some 
severe  freshet  years  ago  impinged  upon  tbe  northern  base  of  this  mound 
and  carried  away  a  considerable  portion  of  its  northern  flunk. 

Bather  more  than  100  yards  to  the  north  of  this  tamnlus,  and  trend- 
ing to  the  northwest,  is  an  irregularly  shaped  excavation  (B),  at  present 
fjEom  10  to  15  feet  deep  and  partially  filled  with  water,  from  which  the 
earth  ased  in  tbe  coostractioa  of  these  tnmuli  was  obtained. 

As  yet  no  attempt  has  been  made  to  open  the  large  mound,  but 
DgaiDSt  its  eastern  fdce  the  overfiowing  waters  of  tbe  Oconee  at  one 
time  dashed,  wearing  it  away  for  some  distance  and  leaving  there  a 
perpendicular  front  of  10  feet  or  more.  Here  were  disclosed  human 
bonee,  tbe  skeletons  of  dogs,  and  large  beads  made  of  the  colnmus  of 
the  Strombua  giffot.  If  this  partial  revelation  be  accepted  as  indicative 
of  the  general  contents  of  the  tumnlns,  it  should  be  classed  as  a  huge 
grave-monnd.  We  decline,  however,  adopting  this  conclusion  without 
farther  information.  It  may  be  that  the  remains  and  relics  then  un- 
earthed belonged  to  later  and  secondary  interments.  Instances  of  this 
sort,  as  we  well  know,  are  of  frequent  occnrrence. 

Two  bondred  yards  to  the  south  ia  an  elliptical  grave-mound  (0),  not 
more  than  i  feet  high,  but  covering  »  considerable  area.  This  struct- 
ure, in  tbe  direction  of  its  major  axis,  is  about  150  feet  long.  Its  minor 
axis  is  two-thirds  less.  The  surface  and  neighborhood  abound  with 
bnman  bones,  sherds  of  pottery,  fragments  of  pipes,  shell-beads,  mnscle- 
sbelle,  and  various  other  relics.  Across  a  shallow  lagoon,  and  250  yards 
southeast  of  the  large  tnmulas,  is  a  third  mound  (D),  well  preserved,  10 
feet  high,  and  quite  level  at  the  top.  In  every  direction,  except  where 
itlooks  toward  the  north,  its  sides  slope  gently.  Having  been  constantly 
cultivated  for  many  years,  this  structure  has  encountered  no  inconsid- 
erable waste.  At  the  base  its  north  and  sontfa  diameter  was  100  feet. 
Ueasored  at  right  angles,  the  other  diameter  was  SS  feet    Similar  meaa- 
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nremetits  across  tbe  top  Indicated  00  feet  and  40  feet  To  tbe  e&st, 
west,  aod  soatb,  are  traces  of  spars  or  graded  vaya  for  easy  ascent. 

Tbis  motnid  occnples  a  central  and  comman^ng  poeftion  in  the  mid- 
dle of  a  fertile  ailovial  field  of  fifty  acres.  Although  its  contents  are 
□nknowD,  we  conceived  the  Impression  that  it  was  designed  as  an  deva- 
tioD  for  a  chieftain's  lodge,  since  the  Bpanish  historians  mention  the 
existence  of  artificial  tnmnli  erected  for  this  pnrpose.  Aronnd  tbe  base, 
and  for  a  considerable  distance  oa  every  hand,  are  tracea  of  primitive 
occapancy,  all  persnading  as  of  the  fact  that,  in  former  times,  this  tam- 
nlas  was  snrroonded  by  tbe  dwellings  cf  people  who  bad  here  fixed 
tbcir  home. 

Tbe  space  adjacent  to  tbe  large  tnmntns  (A),  to  tbe  extent  of  some 
fonr  acres,  appears  to  have  been  largely,  if  not  excluBively,  dedicated  to 
the  parposes  of  sepnltare.  Every  freshet  which  sweeps  over  this  area 
nncovers  haman  skeletons,  disposed  in  every  direction  only  a  few  ftet 
below  tbe  sorfkce.  So  tfaoroaghly  and  frequently  has  tbis  territory  been 
torn  by  freshets  that  it  has  lost  its  original  level,  and  now  exhibits  on 
every  hand  heaps  of  broken  pottery,  qnautities  of  baman  bones,  and 
fragments  of  various  articles  of  nse,  sport,  and  ornament.  Tbe  fi^eshet 
of  1840  was  the  first,  so  far  as  we  can  leam,  which  in  a  marked  manner 
invaded  the  precincts  of  this  ancient  bnrial  ground.  TTpon  tbe  subsi- 
dence of  tbe  waters  many  were  attracted  to  the  spot  by  the  mnltitnde 
of  terra-cotta  vessels,  human  bones,  shell-beads,  pipes,  dlscoidal  stones. 
grooved  axes^  celts,  and  other  objects  of  primitive  mannfactare.  One 
gentleman  collected  nearly  a  qnart  of  pearls  which  had  been  perforated 
and  worn  as  iMads.  Tbe  plantation  negroes  supi^ed  themselves  with 
clay  pipes  then  onearthed.  In  the  possession  of  not  a  few  of  them  were 
seen  strong  clay  vessels,  thence  obtained,  which  they  nsed  for  boiling 
soap.  Large  calomets  and  other  objects  of  special  interest  were  secured 
by  the  cnrions  and  carried  to  tbeir  homes,  where,  for  a  season,  tbes 
formed  matter  for  speculation  and  idle  talk,  and  in  tbe  end  were  either 
lost  or  broken.  Sabsequent  inundationB  have  brougbt  to  light  similar 
proo&  of  sepulture  and  early  manufactnre,  but  tbis  treasure- hoase  b&fi 
been  so  often  visited  and  so  carefully  searched  that  its  present  yield 
falls  far  short  of  that  which  was  encountered  when  the  Harrison  freshet 
invaded  this  place  of  tbe  dead. 

It  is  a  sad  fact  that  the  denodation  of  tbe  banks  of  these  sontbem 
streams  and  the  destmction  of  extensive  forests  in  reducing  wild  lands 
to  a  state  of  cultivation  have  proved  tbe  proximate  causes  of  eerioos  in- 
jury to,  aod  often  of  the  total  demolition  of,  many  prominent  and  intw- 
esting  aboriginal  stractares. 

On  the  right  bank  of  the  Oconee  Biver,  abont  a  mile  and  a  half  above 
its  confluence  with  the  Appalacbee  River,  situated  in  the  low  grooiidt) 
of  the  plantation  of  Hr.  Thomas  P.  Safibld,  la  a  circnlar  earth  mound 
some  20  feet  high,  covering  about  the  eighth  of  an  acre.  Tbe  aides  ue 
sloping,  as  in  the  case  of  other  conical  mounds  along  the  lino  of  tbis 
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river,  bat  tbe  pecaliarity  which  diatinguishes  it  from  its  companioua  is 
that  aronnd  tbe  apex  stoat  earth  vails  vere  raised  to  tbe  height  of  sev- 
eral feet,  tbos  causing  a  depressed  or  guarded  top. 

Near  the  banks  of  the  Appalachee  Biver,  in  Morgan  Coauty,  may  still 
be  seen  occasional  artificial  pits,  some  4  feet  io  depth  and  6  feet  or  more 
ia  diameter.  TJpoa  removing  the  dSbrU  of  leaves  and  earth  with  which 
they  are  filled,  their  bottoms  and  sides  indicate  the  iaflneoce  of  long- 
contiooed  and  intense  fires.  Fragments  of  pottery  also  occar  in  them. 
It  would  seem  that  they  constitated  a  sort  of  rude  oven  in  which  the 
Indians  baked  their  clay  vessels. 

We  might  multiply  instances  of  tamuli  stilt  extant  in  the  valleys  of 
tbe  Oconee  and  its  trlbntariea,  but  having  already  described  and  figured 
those  in  East  Macon  and  its  vicinity,*  enough  has  probably  been  said 
to  convey  an  intelligent  idea  of  the  aboriginal  monuments  of  this  sec- 
tion. 


AffTiqUiriES  OF  SPALBING  CODNTT.  OEORGIA. 

Bv  W.  B.  F.  Bailey,  of  Griffin,  Ga. 

About  three  miles  west  of  Oriffln,  in  a  field  known  to  the  inhabitants 
of  this  vicinity  by  the  name  of  Walnut  Level,  is,  from  present  appear- 
ances, a  place  where  once  a  thrifty  Indian  village  was' situated;  bat 
whether  inhabited  by  the  Creek  Indians  or  by  tbe  more  ancient  mound- 
builders  is  nnknown.  This  field  contains,  in  one.  place,  a  perfectly  level 
plain  of  four  or  five  acres,  which,  when  first  cleared,  was  a  walnut 
grove,  in  which  tbe  Indian  village  was  sitnated.  East  of  tbe  village, 
and  not  more  than  100  yards  distant,  runs  a  beautiful  little  stream,  now 
known  as  "  Wilson's  Mill  Creek."  This  stream  and  the  fertility  of  the 
land  no  donbt  attracted  the  people  of  this  ancient  village.  With  tbe 
exception  of  broken  pottery  and  a  few  arrow-heads,  no  relics  are  left  to 
mark  this  spot;  though  I  am  told  by  the  old  inhabitants  that  when  the 
field  was  first  cleared  they  woald  plow  ap  urns  of  a  curious  shape,  bat 
not  deeming  them  of  any  importance  left  them  on  the  ground ;  and 
nothing  now  remains  bnt  a  vast  quantity  of  broken  fragments.  Of  this 
pottery  there  are  thoasnnds  of  pieces,  ranging  in  size  from  that  of  a 
silver  dime  to  pieces  as  large  as  one's  hand.  I  have  no  doubt  bnt  that 
a  man  could  gather  five  or  six  bushels  of  fragments  in  one  day.  This 
pottery  is  of  two  different  styles  of  workmanship,  one  being  plain  and 
tbe  other  carved  in  the  "cord  f^bioo."  These  relics  are  fast  dis- 
appearing, and  in  a  few  more  years  scarcely  anything  will  remain 
except  a  few  arrow-heads.  One  mile  east  of  this  is  a  small  lake,  abont 
a  qaarter  of  a  mile  in  length  and  30  feet  wide,  with  an  average  depth 
of  1  feet  On  the  banks  of  this  lake  and  in  the  surroandtng  fields  a 
great  number  of  arrow-heads  are  scattered  aronnd.  The  water  in  the 
■Antifjnitiei  of  tbe  Sonthero  iDdlans,  &c.,  p.  156  ct  atq.,  Nev  York,  1673. 
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lake  is  fast  failiag,  bavJDg  sank  aboat  i  feet  in  the  last  tea  years,  aod 
«re  loDg  it,  too,  will  t>e  nambered  with  things  of  the  past. 

Judging  from  the  aUuvial  deposita  on  its  banks,  tJiis  wua,  at  Uie  time 
vben  this  Indian  village  dotimhed,  a  great  lake  for  this  part  of  Georgia. 
Fish  oE.all  species  common  to  the  conatry  are  found  in  great  abanduice 
here.  From  tbe  number  of  relies  foand  and  the  great  quantity  o(  M 
at  present  la  the  lake,  I  have  no  doubt  that  this  place  was  once  thw 
favorite  hunting  ground.  Abont  midway  between  the  lake  and  villi^ 
was  an  earth-work,  I  only  hear  this  from  others,  as  it  was  plowed  daws 
level  with  the  ground  long  before  I  was  bom.  People  who  have  seeo  it 
say  that  it  resembled  the  breastworks  of  the  present  day ;  that  it  vas 
circular  in  form,  inclosing  about  two  acres,  with  a  base  S  or  10  Ceetwide, 
i  or  5  feet  wide  on  the  top,  and  an  average  height  of  18  inches.  Tbc^ 
supposed,  and  some  still  think,  that  it  was  made  by  De  Soto,  and  tbat 
he  had  a  fight  with  the  Indians  here ;  others  think  that  it  was  made 
during  the  Kevolutionary  war,  while  I  attribute  the  work  toamon 
ancient  age,  namely,  t  he  "  mound-builders."  If  this  work  was  redlf 
done  by  the  "  mouud-bnilders"  (and  there  can  be  no  doubt  of  it),  it  is  tlie 
only  trace  left  behind  them  in  this  vicinity.  The  idea  that  De  Soto  ot 
any  other  man  had  a  fight  with  the  Indians  at  this  place  ia,  to  say  Uie 
least,  absurd,  for  there  are  no  implements  of  war  found  here  other  than 
tbe  arrows  used  in  hunting,  whereu  if  a  fight  bad  taken  place  between 
De  Soto  and  the  Indians,  some  kind  of  war  implements  would  have  been 
found. 


SUELI.  nKAFS  ON  MOBILE  BIVEU. 

Bv  A.  S.  Gaines  jtSD  K.  H.  Cunhinghah,  of  MobiU,  Ala. 

The  Smithsonian  Institution  has  received  a  very  valuable  colleotioa 
of  shell-heap  relics  from  Simpson  Island,  at  the  mouth  of  Mobile  Bivei. 
They  were  sent  by  Mr.  A.  L.  Gaines,  land  commissioner  of  the  Mobile 
and  Ohio  Bailroad,  who  gives  the  chief  credit  for  their  discovery  aod 
transmission  to  Mr.  E.  M.  Gunniugbam,  fiom  whom  tbe  Institution  has 
received  several  communications,  accompanied  by  sketches  of  the  speci- 
mens. 

These  shell-heaps  are  very  numerous  on  the  banks  of  tbe  Mobile 
Kiver  at  its  mouth,  especially  upon  Simpson  Island,  which  forms  tbe 
delta  between  the  month  of  the  Mobile  and  that  of  the  Tensas.  Hwf 
of  them  are  the  sites  of  market^gardens,  and  the  shells  from  those  most 
accessible  to  the  water  have  been  utilized  in  paving  tbe  stock-yards  of 
the  railroads,  and  the  gronnda  around  the  cotton  warehouses  in  Mobile- 
Tbe  one  from  which  the  relics  in  question  were  recovered  is  about  19 
miles  above  Mobile,  on  the  land  of  the  Mobile  and  Ohio  Kailroad,  and 
200  feet  from  the  water's  edge.    The  heaps  are  composed  almost  entirel}' 
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of  clam-shells,  althonglt  a  few  specimens  ot  Area  inamgntaf  Neritina, 
iftlattia,  and  Fwtus  cinereug  are  met  with.* 

Haman  remaios  have  beea  foaud  in  great  abundance  even  opoa  the 
sarface.  Mr,  CaoDingtaam  reports  the  discovery  of  portions  of  foarteen 
skeletons.  Of  the  perfect  crania  fonnd,  one  was  very  much  distorted, 
the  other  was  slightly  flattened  on  one  side.  Bone  implements  were 
also  recovered,  sharpened  at  the  end  like  a  toothpick.  Bat  the  most 
interesting  part  of  the  collection  is  the  pottery,  tbonsanda  of  fragments 
having  been  recovered  on  this  single  occasion.  Five  entire  vessels 
were  saved,  and  fragments  of  one  or  two  others  which  can  be  repaired. 
Of  the  entire  vessels,  No.  1, 18  inches  wide  and  14  inches  deep,  is  com- 
posed of  coarse  material,  shells  and  clay,  brown  outside  nnd  red  inside. 
Id  shape  it  is  an  inverted  conoid,  with  perpendicalar  rim.  There  is  no 
omameatatioD  excepting  a  line  drawn  aronnd  tihe  base  of  the  neck.  It 
contained  human  remains,  and  when  fonnd  was  covered  by  a  flat  dish 
in  the  same  manner  as  the  bnrial  jars  of  iJicaragaa.  Ko.  2  is  a  flat  in- 
verted conoid,  7^  inches  deep  and  18  inches  in  diameter,  angular  at  the 
widest  part,  and  with  perpendicular  rim.  The  portion  from  the  balge 
to  the  neck  is  elaborately  ornamented  with  sigmoid  lines  and  dots,  at 
intervals  intennpted  by  flgnres  which  resemble  a  pair  of  bands  or  feet. 
This  is  a  very  nnigne  specimen  in  smoothness  and  ornamentation.  Sev- 
eral of  the  broken  jars  were  similarly  ornamented.  So.  3  is  similar  in 
shape  and  ornamentation  to  ISo,  2,  3  inches  deep  and  6  inches  wide. 
Xbe  rim  was  formerly  famished  with  knobs  or  bandies.  Ko.  4  is  a  plain, 
roQod- bottomed  cup,  3^  inches  deep  and  4  inches  in  diameter.  No.  5 
resembles  in  shape  an  ordinary  dinner  pot,  6  inches  deep  and  6  inches 
in  diameter.  It  is  to  be  hoped  that  further  researches  will  be  made  in 
this  interesting  locality. 


tHB  BTOCK  IK-TSADE  OF  IV  ABOBlOIVAl  LiPISABT. 

(MiaaiMippIO 

By  CnuiLES  Rau. 

In  an  essay  entitled  "Ancient  Aboriginal  Trade  in  North  America," 
which  was  published  in  the  Smithsonian  Beport  for  the  year  1872, 1 
attempted  to  trace  the  beginning  of  a  division  of  labor  among  the 
former  inhabitants  of  this  country.  I  expressed  the  opinion  that  certain 
individnals,  who  were,  by  inclination  or  practice,  particularly  qualified 
for  a  distinct  kind  of  maooal  labor,  devoted  themselves  principally  or 
entirely  to  that  labor,  basing  my  conjecture  on  the  occurreDce  of  maun- 
factored  articles  of  bomogeneons  character  in  mounds  or  in  deposits 
below  the  sarface  of  the  soil.  There  is  little  doubt,  for  instance, 
that  there  were  persons  who  devoted  their  time  chiefly  to  the  manufact- 
ure of  stone  arrow-heads  and  of  other  articles  produced  by  chipping, 
among  which  may  be  mentioned  those  remarkable  large  digging  tools 
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described  by  me  several  years  ago,*  and  tho  oval  or  leof-ebaped  imple- 
meuts  made  of  the  peculiar  bornetone  of  "  Flint  Bidge,"  in  Ohio.  These 
latter,  which  bear  luuch  resemblance  to  certain  pateolitbic  typee  of 
Earope,  were  first  uoticed  by  Mr.  E.  G.  Squier,  Avho  foaod,  many  years 
ago,  a  large  deposit  of  them  in  a  low  monud  of  *'  Clark's  Work,"  Id  Boss 
CouQty,  Ohio,  An  excavation,  six  feet  long  and  fonr  feet  wide,  disclosed 
about  six  hundred  specimens,  which  were  standing  edgewise,  forming 
two  layers,  one  immediately  above  tbe  other.  The  deposit  extended 
beyond  the  limits  of  the  excavation  on  every  side,  and  hence  tbe  actual 
nnmber  of  specimens  bas  not  become  known.t  Since  that  time  deposits 
composed  of  objects  of  corresponding  shapes  and  of  the  same  msCerial 
have  been  discovered,  generally  ander  tbe  ground,  in  Illinois,  Wiscon- 
sin, and  Kentucky;  but  the  area  of  their  distribntion  maybe  much 
greater.  Dr.  J.  F.  Snyder  bas  described  the  Illinois  deposits  id  tbe 
Bmitbsontan  Report  for  I876.|  Tbat  of  Beardstown,  in  Caas  Gonnty, 
is  of  special  interest.  It  contained  about  filleen  hundred  leaf-shaped  or 
round  implements,  arranged  in  Ave  horizontal  layers,  which  were  sepa- 
rated by  thin  strata  of  clay.  According  to  Dr.  Snyder,  another  deposit, 
said  to  have  consisted  of  three  tbousand  five  hundred  specimens,  was 
discovered  in  Fredericksville,  Schuyler  County,  in  the  same  State. 
Smaller  subterranean  deposits  of  flint  arrow-heads,  cotters,  Ssc,  have 
been  met  with  in  various  States  in  the  eastern  half  of  this  contiDent, 
the  articles  showing  in  many  cases  no  traces  of  use  whatever,  and  gen- 
erally exhibiting  a  symmetrical  order  in  their  arrangement.  Such  fants 
naturally  lead  to  tbe  supposition  that  fliot-chipping  formed  a  special 
profession,  and,  furthermore,  tbat  the  objects  found  in  these  hiding- 
places,  or  "caches",  constituted  the  magazines  of  tbe  aboriginal  crafts- 
men. Tbe  deposit  of  Clark's  Work,  it  should  be  stated,  has  been  thought 
to  owe  its  occnrrenee  in  a  mound  of  peculiar  structare  to  superstitions 
or  religions  motives,  and  thns  to  partake  of  a  sacrificial  character. 
This  view,  however,  whether  correct  or  not,  bas  no  bearing  on  the  point 
In  gnestion,  namely,  tbe  production  of  the  chipped  articles  by  way  of 
trade. 

Tbe  carved  stone  pipes,  representing  imitations  of  tbe  human  head, 
of  quadrupeds,  birds,  &a,  which  were  found  in  great  number  by  Messrs. 
Squier  and  Davis  in  a  mound  of  the  group  called  *<  Mound  City,"  not 
far  fh>m  Chillicotbe,  Ohio,  illustrate  the  highest  development  of  early 
aboriginal  art  in  this  coantry.§  Their  production  required  moeh  skill 
and  patient  endurance,  and  hence  we  may  infer  that  tbe  masafhctare  of 
stone  pipes  formed  in  past  times  a  branch  of  industry  which  was  chiefly 
carried  on  by  persons  who  possessed  an  extraordinary  talent  for  this 

*  A  Deposit  of  Agtionltnral  Flint  Implemeots  in  Soatliem  lUinalH,  Smitbaanian  Beport 
for  1868,  p.  401. 

t  Sqnier  tad  D&via :  AnolMit  MoDQinentB  of  tbe  Hissinippi  Valley,  WaabingtoD,  IMS, 
p.  158 ;  representatioDS  of  tbe  objecta  on  p.  314. 

tDepwitaof  Flint  ImplemeDtB,  p.  433. 

i  Auuiuut  MoDninents,  dtc,  p.  '24-2,  &c. 
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pecaliar  kind  of  work.  There  are  to  tliis  day  pipe-makers  amoDg  the 
Ojibway  Indians,  and  probably  among  othw  tribes. 

In  corroboration  of  tbe  foregoing,  I  may  state  that  certain  handicrafts 
were  practised  to  some  extent  by  tbe  Korth  American  Indians  at  tbe 
time  of  their  first  interconrse  with  the  vhites.  "  They  bare  some,''  says 
Boger  Williams, "  who  follow  onely  making  of  Bowes,  some  AnoweSjSome 
Dishes  (and  the  women  make  all  their  Esrtben  Yessells),  some  follow  fish- 
ing, some  bunting :  most  on  the  Sea  side  make  Money,  and  Store  ap  shells 
in  Summer  against  Winter  whereof  to  make  their  money."*  Xbese  re- 
marks, of  coarse,  relate  to  the  New  England  tribes,  with  whom  Roger 
Williams  used  to  associate;  bet  a  later  writer,  Lawson,  gives  a  similar 
BCcoant  of  tbe  Soatbeni  Indiann,  among  whom  labor  was  doubtless  still 
more  systematized,  considering  that  they  had  attained  a  somewhat 
higher  degree  of  civilization  than  their  Northern  kiDsmen.  It  is  known 
that  QDtil  within  late  years  the  maoafactare  of  arrow-beads  was  prac- 
tised as  a  profession  by  certain  tndividaals  among  several  Indian  tribes. 

I  will  DOW  proceed  to  describe  a  deposit  of  aboriginal  manafactnres, 
which  illustrates  the  subject  of  division  of  labor  among  tbe  earlier  in- 
habitants of  this  country  better  than  any  other  discovery  of  kindred 
character  with  which  I  have  become  acquainted. 

Id  tbe  spring  of  1876,  Mr.  T.  J.  R.  Keenao,  of  Brookbaven,  Lincoln 
County,  Mississippi,  presented  to  the  National  Museum  a  collectiou  of 
jasper  omameuts,  mostly  nufluished,  which  had  been  foand  in  Lawrence 
County,  JD  the  same  State,  forming  a  deposit  of  a  very  remarkable 
Character.  Being  desirous  of  learning  the  particulars  of  this  discovery, 
I  addressed  a  lett«r  to  Mr.  Keenan,  and  obtained  from  him  the  desired 
information.  Tbe  deposit  was  accidentally  discovered  on  the  farm  of 
AntboDy  Hutchlns,  situated  on  tbe  east  side  of  Silver  Creek,  about  one 
mile  distant  from  Hebron  church,  in  the  northeastern  part  of  the  above- 
named  county.  While  Mr.  Hucbius's  eon  was  engaged  ore  day  in  July, 
1875,  in  ploughing  a  cotton-field,  entirely  free  from  pebbles  and  stones  of 
any  kind,  a  grating  of  the  ploughshare  attracted  bis  attention,  aud  upon 
examination  he  found  that  be  bad  struck  tbe  deposit,  which  appeared 
originally  to  have  been  buried  two  feet  and  a  half  below  the  surface, 
filling  an  excavation  of  about  eighteen  inches  iu  diameter.  The 
arraDgement  of  the  articles  constituting  this  deposit  will  be  described 
hereafter.  They  all  consist  of  jasper  of  a  red  or  reddish  color,  which  is 
sometimes  variegated  with  spots  or  streaks  of  a  pale  yellow.  But  few 
of  these  objects,  which  were  undoubtedly  designed  for  ornament,  may 
be  considered  as  entirely  finished. 

The  following  is  an  inventory  of  tbe  specimens  sent  to  the  National 
Museum  by  Mr.  Keenan  : 

1.  Twenty-two  pebbles  of  jasper,  showing  no  work  whatever.  They 
are  irregular  in  shape  and  mostly  small,  being  from  half  an  inch  to  an 
inch  and  one-fourth  in  size. 

*  A  K«y  into  tbe  LaDgnage  of  Amerioa  (LondoD,  1&13) ;  ProTidenc«,  1S2T  ;.,p.  133. 
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2.  Twelve  rDdimeutary  ornaments  of  different  forms,  brought  into 
Bhape  b;  cbjpping. 

3.  Three  polished  pieces  with  narrow  grooves,  showing  that  catting 
iras  also  resorted  to  in  the  mnnofkcture  of  the  objects. 

4.  Two  hnndred  and  ninety-five  beads  of  more  or  less  elongated  cylin- 
drical shape,  measuring  from  one-fonrtli  of  an  inch  to  three  inebes  in 
length,  and  from  one-foarth  of  an  inch  to  one  inch  in  thickness. 
Thongb  they  are  polished,  they  exhibit  but  rarely  a  perfectly  regalai 
cylinder  form.  Ten  of  them  show  the  beginnings  of  boles,  in  most  cases 
at  one  end. 

5.  One  hundred  and  one  round  beads  of  a  more  compressed  or  dis- 
coidal  shape.  They  are  from  one-eighth  to  five-eighths  of  an  inch  long, 
while  their  diameters  vary  from  one-fonrtb  to  three-fourths  of  an  inch. 
They  are  polished,  and  only  five  of  the  namber  exhibit  incipient  holes. 

6.  Nine  polished  ornaments  of  elongated  flattish  staaiie,  showing  an 
expnnsion  on  each  side  (like  Fig.  10).  They  measare  from  an  inch  and 
one-fourth  to  two  inches  and  one-fourth  in  length,  nod  from  Ihree- 
foarths  of  an  inch  to  an  inch  and  one-foarth  in  width  across  the  middle 
One  specimen  is  partly  drilled. 

7.  Two  specimens  of  similar  character,  but  expanding  on  one  side 
only  (Fig.  11).  They  are  from  an  inch  nnd  a  half  to  two  inches  in 
length  and  seven-eighths  of  an  inch  wide  across  tbe  middle. 

8.  One  large  ornament  showing  two  expansions  ou  each  side  (Fig.  12). 
A  more  minute  description  will  follow, 

9.  Two  small  animal-shaped  objects.  They  are  about  nn  inch  long 
and  well  polished. 

10.  Two  semicircular  polished  pieces,  probably  designed  to  be  worked 
into  the  shapes  of  animals. 

There  are  foar  hundred  and  forty-nine  pieces  in  all.  Mr.  Keenan  has 
kept  for  himself  sixteen  specimens,  and  four  bad  been  disposed  of  be- 
fore he  became  the  owner  of  the  collection.  One  of  the  latter  was  drilled 
entirely  through.  Hence  the  entire  deposit  consisted  of  four  hundred 
and  sixty-nine  objects. 

From  tbe  character  of  the  inventory  just  given  seveial  inferences  may 
be  drawn. 

There  can  hardly  be  any  doubt  that  tbe  deposit  constituted  tbe  stock- 
in-trade  of  some  aboriginal  manufacturer  of  ornaments  of  jasper,  which 
he  made  from  pebbles  of  that  materia!.*  He  shaiied  them  by  the  oper- 
ation of  chipping  before  he  proceeded  to  grinding,  and  he  likewise  ap- 
plied the  method  of  cutting  in  the  manufacture  of  the  articles.  The  cut- 
ting, however,  was  done  after  the  piece  had  been  reduced  to  a  certain 
shape  by  grinding.  The  drilling  of  the  beads  and  bead-like  ornaments 
was  the  final  process  in  their  fabrication.    This  fact  affords  an  additional 

'According  to  Mr.  KeeDao's  express  statem«Dt,  no  jasp«r  pebbles  occur  in  tbe  aeigh- 
borhood  of  tbo  pImm  nbero  the  ornameDta  nere  eDtombcd.  Tbef  moBt  bav«  been 
broQght  from  a  distSDcc. 
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proof  that  in  this  conntry  stone  objects  requiring  peiforatious  were 
brongfat  into  perfect  shape  before  the  drilling  was  commenced.  The 
same  rate  prevailed  in  Earope,  as  every  one  knows  who  has  studied 
the  stone  autiqaitiea  of  that  part  of  the  world. 


Jaaprr  ors.'uucnta  rram  Miiulasippl  (i). 

TbeaccompnnviDg  illustrations  represent,  in  full  size,  typical  speci- 
mens of  the  differeut  chisses  of  wrought  articles  composing  the  deposit. 

Fig.  1. — A  jasper  pebble,  chipped  into  the  form  of  a  cylindrical  bead. 
The  smooth  surface  of  the  pebble  has  not  entirely  disappeared. 

Fig.  2. — A  long,  comparatively  slender  piece,  designed  for  a  bead. ,  It 
shows  the  chipping  very  distiuotly,  thongb  the  sharp  edges  have  been 
removed  by  grinding. 
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Fig.  3. — Polisbed  cylindrical'  bead  (andrilled). 

Fig.  4. — Teiy  regntar  and  well  polisbed  cylindrieal  bead  of  a  Sue  red 
color  (uDdrilled). 

Fig.  5. — Long  and  slender  bead,  appaieotly  not  eotirel;  gionnd  into 
shape  (umlrilled). 

Fig.  0. — Large  cylindrical  bead,  wbicb  exhibits  a  rather  rongh  sor- 
face,  the  traces  of  chipping  not  having  been  entirely  removed  by  the 
grinding  process  (andrilled). 

Fig.  7. — Small  cylindrical  bead,  poliahetl,  but  not  regular  in  shape, 
and  showing  at  one  end  the  begiuuing  of  a  hole,  which  forms  a  cylin- 
drical cavity  nearly  three  millimeters  iu  diameter  and  two  millimeters 
Id  depth. 

Fig.  S. — Polished  bead  of  discoidal  shape,  with  iDcipient  holes  at  both 
ends.  One  of  the  holes  is  merely  indicated  by  a  smsdl  depression ;  the 
other  forms  a  cnp-like  cavity  of  two  and  a  half  millimeters  diameter  and 
two  millimeters  depth. 

Fig.  9. — Ornament  of  elongated  flattisb  shape,  with  an  expansion  on 
each  side.  It  is  nnfiuished,  having  been  brooght  into  shape  by  chip- 
ping alone. 

Fig.  10. — Object  of  the  same  form ;  well  polisbed,  bnt  not  absolutely 
regular  in  ontliue.  There  can  be  no  doabt  that  the  ornaments  of  this  de- 
scription were  inlended  to  be  drilled  in  the  direction  of  the  longitudinal 
azifi.  A  broken  specimen  of  the  collection  shows  the  commencements 
of  boles  at  both  extremities. 

Fig.  11. — Polished  ornament  of  similar  character,  exhibiting  an  ex- 
pansion or  projection  only  on  one  side  (nndrilled). 

Fig.  12. — Large  polished  ornameot  of  elongated  flattish  form,  with 
two  expaosions  on  each  side.  The  object  is  irregular  in  outline,  the  ex- 
paosious  being  larger  at  one  extremity  than  at  the  other.  It  is  three- 
foortbs  of  an  inch  thick  in  the  middle.  A  longitudinal  perforation  was 
doabtless  intended. 

Fig.  13. — A  small,  dattish,  bird-shaped  object,  made  of  beautifnl 
cherry-red  jasper,  and  well  polisbed.  The  wings  are  indicated  on  both 
sides  by  slight  grooves. 

Fig.  14. — A  similar  polished  object  of  dark-red  jasper,  in  which  the 
bird  form  is  less  distinctly  expressed.  Indeed,  the  maker  may  have  pur- 
posed to  represent  some  quadruped.  It  would  be  unprofitable  to  spec- 
ulate on  the  Qse  of  these  two  carvings.  They  probably  were  merely  toys, 
though  it  is  not  impossible  that  they  had  a  totemtc  aignificaDce,  or  were 
designed  to  serve  as  charms.  They  could  not  well  be  worn  about  the 
person,  and  I  doubt  whether  it  was  intended  to  perforate  them. 

Fig.  15. — A  polished  semicircular  piece,  perhaps  designed  to  bo 
worked  into  the  shape  of  a  bird ;  its  size  is  exactly  the  same  as  that  of 
the  original  of  Pig.  13. 

•  In  this  description  of  oraainenlB  the  term  "  cjlindrical "  moat  nol  ba  Uken  ia  a 
mathemBtical  sense,  as  1  mete);  intend  to  indicate  b;  it  an  approzinikte  reaembboca 
to  a  cvlindcr.  /  ^  i 
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Fig.  16. — A  polished  piece,  of  »  compressed  oral  ebape,  sbowiog  two 
parallel  iDcisions  io  tUe  direction  of  the  miaor  nxis.  They  were  evideDtly 
made  with  a  sharp  fliot  tool.  It  is  probable  that  this  specimen  illus- 
trates a  stage  in  the  manufacture  of  a  small  auimal-shnped  ttioket,  like 
tbose  already  described,  the  piece  being  almost  too  dat  to  be  made  into 
ajji*^  of  cylindrical  form. 

9  U 

10 


13 


Jtsptr  onunmta  tnmt  Mlulwlppi  ()I. 

It  DOW  remains  to  be  stated  in  what  manner  the  objects  forming  the 
deposit  were  arranged.  The  large  piece,  represented  by  Fig.  12,  lay  flat 
on  the  bottom  of  the  hole ;  the  long  and  massive  cylindrical  beads  were 
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placed  OD  eod,  on  and  aronod  it,  as  closely  as  possible,  and  the  smaller 
objects  were  spread  over  them  In  a  rather  promiscuous  way. 

The  owner  of  the  articles  here  described,  we  may  suppose,  bad  no  in- 
tention of  leaTiog  them  buried  in  the  ground ;  be  would  some  day  have 
recovered  them,  had  circumstances  permitted.  Doatb,  captivity,  or  re> 
moral  to  another  part  of  the  country,  from  which  he  never  returned,  may 
have  frustrated  his  design.  The  deposit  in  question  shared  the  fate  of 
many  others  which  have  been  preserved  to  onr  time,  in  order  to  add, 
aa  it  were,  to  our  knowledge  of  the  former  occupants  of  this  country. 

It  wonid  be  a  vaiu  endeavor  to  offer  any  conjecture  as  to  the  age 
of  the  deposit  The  objects  appear  absolutely  fresh,  not  showing  the 
slightest  alteration  of  the  surface.  Jasper,  however,  iu  a  very  hard  sob> 
stance,  capable  of  resisting  the  induences  of  exposure  for  ages.  Ou  the 
other  band,  there  is  nothing  that  would  militateagainst  a  comparatively 
recent,  though  pre-Golambiao,  origin  of  the  deiiosit. 

It  must  have  been  a  very  difficult  task  to  work  a  stone  as  bard  as 
jasper  without  the  proper  appliances,  and  we  cannot  bat  admire  the 
skill,  and,  above  all,  the  patience  of  the  artist  or  artists  who  fashioned 
the  ornaments  from  such  an  obdurate  material.  Yet  it  is  known  that 
even  at  the  present  time  mineral  substances  of  equal  hardness  are 
shaped  and  perforated  in  the  most  primitive  manner  by  tribes  occupy- 
ing a  very  low  position  in  other  respects.  The  execatiou  of  such  work 
is  but  a  trial  of  endurance,  a  quality  displayed  in  an  eminent  degree  by 
uncivilized  man  when  bis  mind  is  bent  upon  a  definite  pnriiose. 


OBSEBTlTiOXS  OX  A  GOLD  OltSlHEST  FROM  A  XOl'XD  lH  FLOBIDA. 

By  CBlBLEa  TtiU. 

In  December,  1877,  Mr.  Damon  Greenleaf,  of  Jacksonville,  Florida,  sent 
for  examination  to  the  N^atiooal  Museum  a  curiona  relic  of  gold,  lately 
discovered  in  a  mound  in  Manatee  County,  Southern  Florida,  with  a 
request  for  information  as  to  its  probable  origin  and  use. 

The  accompanying  illnstration  represents  the  object  in  qaestton  re- 
duced toone-half  of  its  natural  size,  the  original  measuring  exactly  nine 
inches  from  the  point  to  the  middle  of  the  opposite  carve.  It  is  cat  from 
a  flat  piece  of  gold  plate,  not  quite  a  millimeter  in  thickness,  and  some- 
what tbinner  toward  the  edge.  The  specimen  is  broken  in  two  pieces, 
as  indicated  by  the  dotted  line  in  the  figure;  but  the  two  parts  fit  well 
together,  and  thus  the  original  character  of  the  object  remains  unal- 
tered. On  the  whole,  it  is  in  a  good  state  of  preservation,  tbongh  the 
effects  of  long  exposure  are  plainly  visible.  Both  faces  appear  bright 
and  smooth,  and  the  engraved  lines,  which  represent  exactly  the  same 
pattern  on  both  sides,  seem  to  be  as  fresh  aa  on  the  day  when  they 
were  traced. 

Little  need  be  said  concerning  the  8hai}e  of  the  ornament,  considering 
that  all  its  features  are  distinctly  expressed  in  the  cut.    The  maker 
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evidently  inteDded  to  represeot  a  bird's  head,  the  neck  of  which  forms 
a  blnde-Uke  jvolongatioD,  and  the  grotesqae  execatioD  clearly  illnstrates 


Gold  ornament  from  a  moond  in  Florida,  and  bead  of  the  ivorj-billcd  woodpecker,  (j). 
the  cnriona  taste  characterizing  the  ornamental  work  of  the  North 
AiQcricaB  Indian.  It  oever  woald  occar  to  a  person  of  Gancasian  origin 
to  represent  a  bird's  head  in  the  peculiar  manner  here  exhibited.  The 
eye  of  the  bird,  it  shoald  be  stated,  has  been  formed  with  great  regn- 
larity  by  the  process  of  punching  from  the  auder  side,  and  perfectly 
resembles  in  size  and  convexity  the  bead  of  a  common  brass  tack. 
However  clamay  the  design  of  the  object  may  appear  to  a  common 
observer,  the  ornithologists  of  the  National  Masenm  have  discovered 
the  prototype  that  was  before  the  aboriginal  artist's  mind.  The  trun- 
cated bill  and  reccrved  crest  leave  no  doubt  that  he  intended  to  repre- 
sent the  ivory-billed  woodpecker  [Picua  prineipalia,  Linn. ;  Campephilua 
principalis,  Gray),  a  bird  qnite  freqnent  in  Southern  Florida,  bat  not 
foond  at  any  great  distance  from  the  Gnlf  of  Mexico.  To  facilitate 
comparison,  a  halfsize  sketch  of  the  head  of  the  ivory-billed  wood- 
pecker is  placed  in  jaxtaposttion  with  the  cat  representing  the  aborig- 
inal relie. 

The  composition  of  the  gold  plate  from  which  the  specimen  is  made 
indicates  its  post-Colambian  origin.  Having  been  forwarded,  through 
the  coortesy  of  Mr.  E.  B.  Elliott,  chief  clerk  of  the  Burean  of  Statistics, 
to  the  Mint  at  Philadelphia,  for  the  purpose  of  ascertaining  its  weight 
and  composition  or  fineness,  it  was  found  to  weigh  1.53  ounces  (troy\ 
and  to  consist  exclusively  of  gold  and  silver,  in  the  proportion  of  893 
parts  of  gold  to  107  parts  of  silver.  Consequently,  the  amount  of  gold 
therein  contained  is  1.3GC  ounces,  and  of  silver  0.1C4  ounce  (troy). 
The  metal  value  of  the  relic  is  twenty-eight  dollars  and  forty -five  cents. 
Acconling  to  Mr.  Glliott's  statement,  its  composition  corresponds  almost 
exactly  with  that  of  the  "ounce"  of  gold  or  quadruple  of  Spain  bearing 
the  date  of  1772;  and  this  circumstance  is  not  without  significance,  in 
so  far  as  it  seems  to  point  to  the  source  from  which  the  material  of  the 
figure  was  derived.    It  may  have  been  given  by  Spaniards  to  some 
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ludiaD,  who  fasbioned  it,  according  to  his  tast«,  to  serve  as  a  totemic 
emblem  or  orQament,  perhaps  designed  to  form  a  part  of  the  head- 
dress ;  for,  thoDgh  a  small  eloDgated  apertnre  is  formed  by  the  inner 
carve  of  the  bird's  neck,  I  hardi;  deem  it  likely  that  the  object  waa 
iDteoded  for  sospension.  The  Florida  IndiaDS,  it  is  veil  knovo,  piud 
particnlar  atteatioa  to  the  decoration  of  their  beads,  aod  heoce  it  is 
not  an  improbable  conjecture  that  it  once  embellished  the  crown  of 
some  chief  or  brave  while  living,  and  was  afterward  placed  in  his  grave, 
in  accordance  with  aboriginal  cnstom. 

Whether  the  figure  was  broaght  into  shape  by  hammering  a  large 
gold  coin  or  a  bar  of  gold,  or  was  made  from  a  piece  of  sheet  gold,  can- 
not DOW  be  decided.  The  aarfaces  certainly  look  as  thongh  they  liad 
undergone  the  process  of  beating ;  but  it  is  jnst  as  likely  that  the  orna- 
ment was  made  from  a  piece  of  gold  plate  furnished  by  whites.  That 
the  Indians  were  skillful  in  working  metal  in  a  cold  state  is  shown  by 
the  implements  aod  ornaments  of  copper  fonnd  in  varioaa  parts  of  the 
United  States,  more  especially  in  the  neighborhood  of  I^ake  Soperior, 
where  their  soppltes  of  native  copper  were  chiefly  obtained.  Even 
modern  Indians  practise  the  art  of  working  silver  dollars,  beating  and 
cutting  them  into  tastefnl  gorgets,  ear-rings,  and  other  objects  of  per 
sonal  adornment.  On  the  other  hand,  there  is  no  groand  whatever 
for  supposing  that  the  Indians  north  of  Mexico  possessed  the  skill  of 
casting  gold,  and  far  less  of  prodacing  an  alloy  like  that  of  which  the 
Florida  ornament  is  composed. 

While  I  am  of  opinion  that  the  material  of  the  relic  was  obtained  from 
whites,  I  ascribe  (as  stated)  the  work  itself— that  is,  the  catting  out  of 
the  figare  and  the  tracing  of  the  lines — to  the  agency  of  an  aboriginal 
artist.  The  ornamental  lines,  though  incised  with  a  steady  hand,  are 
not  uniform  in  width,  and  in  some  places  the  tracing  forms  a  doable 
line,  as  though  the  implement  used  in  lien  of  a  graver  had  not  been  pro- 
'vided  with  a  sharp  point.  A  knife  which  has  lost  its  extreme  point 
TToald  produce  such  lines;  perhaps  also  a  pointed  flint  The  tatter 
alternative,  however,  is  hardly  admissible,  considering  that  at  the  time 
when  the  object  was  made,  implements  of  such  primitive  character  prob- 
ably had  been  superseded  by  more  efficient  instruments  of  iron  or  steel- 
The  ^orth  American  Indians,  like  other  savages,  were  not  slow  in  recog- 
nizing the  superiority  of  the  white  man's  tools,  and  adopted  them  with- 
out hesitation. 

Though  it  would  be  hazardous  to  pronounce  a  definite  opinion  con- 
cerning the  age  of  the  relic,  it  may  be  assumed  that  it  is  not  very  old. 
Its  origin  may  not  date  back  more  than  a  century.  It  was  perhaps 
made  during  the  second  period  of  Spanish  supremacy  in  Florida,  which 
lasted  from  1780  to  1S21,  when  the  province  was  ceded  to  the  United 
States.  The  ornament  was  taken  from  the  centre  of  the  mound,  and 
doubtless  formed  a  part  of  a  primary  burial.  This  fact  affords  an  addi- 
tional evidence  that  mound-building  was  continued  id  this  country  after 
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its  occapation  by  EaropeaDS.  "The  man  who  dag  it  oat,"  sal's  Mr. 
Greenleaf,  "  bad  no  idea  tbat  it  vas  gold.  He  bad  been  diggiog  all 
day,  and  vas  jast  giving  ap  the  ^ork,  'wben,  vitb  a  final  desperate 
blow,  he  strnck,  broke,  and  brought  to  light  the  gold  ornament.  He 
then  explored  tbe  rest  of  the  moand  carefully,  but  found  nothing  but 
iragments  of  pottery  and  cmmbting  bones." 

Purely  aboriginal  relics  of  gold  appear  to  be  extremely  rare  in  this 
country.  According  to  Colonel  Charles  C.  Jones,  lodiau  beads  composed 
of  that  metal  bave  been  met  with  in  Georgia.  Be  Bays :  "  Gold  beads — 
evidently  not  European  in  their  manufacture — have  been  found  in  the 
Etowah  Valley,  in  the  vicinity  of  the  large  mounds  on  Colonel  Tumtiu's 
plantation."*  This  statement  is  corroborated  by  Mr.  M.  F.  Stephenson 
in  an  article  on  ancient  mounds  in  Georgia,  which  was  published  in  tbe 
Smithsonian  Beport  for  1870.  I  am  not  aware  that  Indian  relics  of  gold 
have  been  fonod  in  Florida  in  modem  times;  but  mention  is  made  of  a 
small  gold  bell  obtained  in  1527  by  tbe  party  of  tbe  unfortunate  Fam- 
philo  de  Nnrvaez,  immediately  after  his  landing  in  Florida.  It  was 
discovered  in  one  of  the  large  bouses  {bvkioa),  which  tbe  natives  had 
descried  upon  the  approach  of  tbe  Spaniards-t 

We  learn  from  the  old  accounts  relating  to  the  discovery  and  coloni- 
zation of  the  large  tract  of  land  formerly  called  Florida  that  tbe  abo- 
riginal inhabitants  were  cognizant  of  the  occnrrence  of  gold  in  their  dis- 
tricts. The  grains  of  gold  which  the  early  Spanish  visitors  saw  in  tbe 
possession  of  tbe  Floridians  excited  their  cupidity,  and  inspired  them 
with  the  hope  of  finding  a  second  Mexico  or  Peru  in  the  more  northern 
portion  of  the  new  continent.  Upon  asking  the  Indians  where  the 
precions  metal  had  been  obtained,  they  were  referred  to  the  "Apalatcy" 
Monntaios,  in  the  north,  fh>m  which  rivers  carrying  particles  of  gold, 
silver,  and  copper  were  flowing.  The  Indian  method  of  collecting  these 
metallic  grains  is  represented  on  plate  41,  vol.  ii,  of  De  Bry'a  Peregri- 
nationes  (Frankfort  on  the  Main,  1591),  where  tbe  natives  are  pictured 
as  osing  long  tubes  for  this  purpose.  Jacques  Le  Moyne  de  Morgnes, 
the  artist  of  Landonni&re's  expedition,  to  which  the  volume  relates, 
probably  drew  the  sketch  from  imagination,  or  according  to  what  he 
bad  heard  from  the  Indians,  who  were  never  noted  for  their  veracity. 
Tbe  short  Latin  description  accompanying  tbe  sketch  closes  with  the 
statement  that  the  Spaniards  knew  how  to  apply  these  treasures  to  tbeir 
own  use.  Indeed,  traces  of  mining  operations  which  are  ascribed  to 
the  Spaniards  have  been  found  in  the  gold  district  of  Georgia.  It 
would  be  foreign  to  my  purpose  to  enlarge  on  this  subject ;  but  I  will 
refer  to  two  articles  by  Dr.  D.  G.  Brioton,  which  treat  of  this  early 

*  AntiqaJtiw  of  the  Sontbam  Indians.    New  York,  IBT3,  p.  48. 

i  "  Ud  de  MS  buhloa  6tai%  si  grand,  qn'il  pODV^t  ooDtealr  pltu  de  ttoU  cents  person- 
Dce :  lea  antree  ^Caient  molna  vostes ;  nous  y  tronvftmes  nne  olocbette  en  or  parmi  dee 
6leU."—Bdatiol^et2fa^r^ase»i'Jhar^'1i^ierCaietadeVal>a.  Paris,  1637,  p.  24.  (Ter- 
nanx-CoinpaDS  Collection.)  The  SpSDiah  origiDal  was  pablished  in  tbe  year  ISSCftt 
Talladolid. 
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miDiDg :  one  forms  the  tbird  appendix  to  his  excellent  little  work  en- 
titled Xotea  on  tk«  Floridian  Peninsula;  the  other  is  pabliabed  Id  the 
HUtorical  Magazine,  vol.  x  (1866),  p.  137,  aoder  the  title  "Early  Spanish 
Mioiog  in  Iforthern  Georgia."  Additional  ioformatioo  on  the  subject 
is  to  be  fonad  in  Colonel  Jones's  work,  to  which  I  have  referred  od  tbe 
preceding  page. 


ON  A  PnYCDBOMB  BEAD  FBOM  FLOBIDA. 

Bt  Frof.  S.  S.  TIaldkuan. 

This  bead  (Fig.  1],  now  in  the  United  States  National  Mnsenm,  is  of 
a  kind  known  to  archieology  as  the  star  pattern,  becaase  the  white  be- 
tween the  exterior  blae  and  inner  red  forms  a  terminal  star  or  zigzag 
band  when  the  original  cylinder  is  groand  into  an  oval  bo  as  to  expose 
the  interior  colors.  Examples  occar  of  varioos  sizes  from  abont  tvo 
inches  In  length  and  one  and  a  half  in  diameter  to  about  one-fotuth 
of  an  inch  in  size,  the  latter  being  spheric  or  oblate  and  as  distinctlT 

Fig.l. 


6) 

colored  as  the  large  ones.  There  is  a  specimen  about  an  inch  and  a 
half  long  in  the  ancient  Egyptian  department  of  the  Lonvre  (hor- 
izontal case  Q),  and,  according  to  my  recollection,  a  specimen  froo 
Dakkeh  (Nobia)  in  the  British  Musenm  (horizontal  case  E,  ^e.  6291 
d)  is  larger.  The  Slade  collection  in  the  British  Mnsenm  contaiiu 
two  of  the  same  character.*  A  large  one  found  in  England  with 
Samian  caps  and  Boman  bnckles  is  figured  in  the  Proceed.  Brit.  Arcb- 
teol.  Assoc.  1848,  vol.  3,  p.  328;  Faussettt  flgares  an  example  fiom 
Gilton,  England ;  and  another  is  described  in  the  ArchsDOlogia  (1851, 
vol.  35,  pi.  5,  fig.  10),  the  locality  unknown,  bnt  Mr.  B.  nightingale  sa;s 
examples  occnr  along  the  Bhine  and  we  to  be  seen  in  the  mnsenms  of 
^tlanoheim  and  Baden.  Mr.  Morlot,  of  lansaane,  gives  colored  figures 
of  two  examples  in  the  museum  at  Copenhagen.}  That  of  fig.  1  was  said 
to  have  been  fonnd  near  Stockholm,  the  other  in  an  antiqne  grave  in 

*  CaUlogiiB  of  the  ooIlMtlon  of  glaaa  formed  by  Felix  SImU,  Mq.,  F.  8.  A.,  witb  doM 
OD  the  biatory  of  fclUB-mftklDg,  by  Alexander  Keebitt,  wq.,  1871,  p.  10,  Gg.  2t. 

t  iDTeutorlam  Bepnlcbrale,  1666,  pi.  5,  fig.  2, 

t  Proceed.  An.  PbiloMpb.  Soc.,  Nor.,  1862,  p.  111-114  and  119-190. 
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Deomarlc.  He  also  copies  (fig.  3}  one  of  Scfaoolcraft's  figares  of  a  smaller 
cjliodric  bead  from  tbe  ossaaries  at  Beverly,  Canada.  Somewbst 
similar  to  tbo  Stockbolm  specimen  is  a  bead  in  tbe  Kational  Ma- 
senm  (Fig.  2)  from  Santa  Barbara,  Cal.,  in  wbicb  tbe  exterior  bine  is 

Fig.  2. 


mioutely  and  thickly  speckled  witb  yetlowisli  points.  Tbe  same  collec* 
tiOD  has  examples  of  tbe  small  spherical  kind  from  graTes  at  Lima,  N.  T. ; 
and  I  have  a  specimen  foand  on  the  Sosqnebanna,  witb  other  remains, 
in  digging  the  FeoDsylvania  canal,  aboot  the  year  1830.* 

The  exterior  bine  is  osaally  more  or  less  clearly  striped  with  a  lighter 
tint,  owing  to  the  ridgea  of  tbe  interior  white  shining  through.  Id  all 
the  Bpecimeos,  and  in  snch  aa  I  have  seen  in  Europe,  the  order  of  the 
colors  toward  the  interior  is  blae-white-red-white,  with  an  additional 
central  color  in  some  of  the  larger  ones,  that  of  tbe  large  Lonvro  ex- 
ample being  dark  bine.  This  order  is  present  in  modern  YenetiaD  beads, 
-of  which  I  have  examples  mach  like  that  of  Santa  Baibara,  Oal.,  and 
in  tliose  fh>m  Kew  York  and  the  Snsqnehauna,  bat  the  last  two  are 
more  neatly  made,  the  white,  wavy  band  in  the  Susquehanna  specimen 
being  very  slender,  delicate,  aod  regular.  The  external  tint  of  the  mod- 
'«ni  Veoetiao  cylludric  beads  is  blue,  green,  red,  or  longitudinally  striped 
with  several  colors,  and  the  Louvre  has  blue  and  also  green  ancient 
Egyptian  specimens. 

Mr.  Morlot's  paper  is  intended  to  show  that  the  Northmen  received 
these  beads  from  the  Fbffiuiciaus  and  carried  them  to  America,  a  view 
whioh  is  opposed  by  Mr.  A.  W.  Franks,  F.  S.  A.,  of  the  British  Mosenm, 
who  thinks  that  Che  Beverly  specimen  figured  by  Schoolcraft  is  Yenetian 
of  tbe  fifteenth  or  sixteenth  century ,t  a  view  which  is  probably  correct 
for  all  the  North  American  examples.  Of  these,  the  Now  York  speci- 
mens show  signs  of  oxidation,  while  that  from  the  Susquehanna  is  uu- 
taroisbed. 

■  Proceed.  Am.  Phil.  Soo,,  May,  1«69,  vol.  11,  p.  369.  Mr.  Tbos.  MasteraDD,  of  Colnic- 
bia.  Fa.,  has  added  to  my  cabinet  a  fine  specimen,  bnt  little  taniiabed,  fTom  a  grave  in 
Tu^pi  CoDDty,  Fa.,  aod  he  has  tbe  loDgitndinol  half  of  aoother,  1|  iuch  loog  and  Ii*; 
in  diameter,  foand  at  Tarky  Hill,  below  Colambia,  Pa. 

tProeeedingsof  the  Society  of  Antiqaariee,  Jannary  29, 1861.  Lnbbock,  FrehUtoric 
Timefl,  ob.  3.  I  am  Indebted  to  tbe  kindness  of  Mr.  Franks  for  valaable  ancient  and 
modeni  additions  to  my  cabinet  of  beads. 
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And  yet,  the  maQafacture  of  the  star  pattera  and  other  kinds  of  beads 
in  glasa  and  enamel,  with  varicolored  spots  and  circles,  is  of  great  an- 
tiquity. The  art  seems  never  to  have  been  lost,  and  in  later  times  to 
have  been  chiefly  caltivated  at  Venice,  where  more  than  five  hnndnd 
varieties  are  made.  A  local  historian,  Mr.  Samael  Evans,  of  Colombia, 
Fa.,  says  the  natives  along  the  Susquehanna  traded  with  the  French  for 
fire-arms  before  1608,  and  be  mentions  a  trading-post  at  the  month  of 
the  river,  established  in  1631  by  a  person  named  Claitwnme.*  Charles 
G.  Jones  t  mentions  that  Be  Soto  found  European  beads  in  possession 
of  the  natives  as  early  as  1540,  and  they  seem  to  have  been  valaable 
articles  of  trade  at  various  periods  and  among  many  nations.  They  are 
abundant  in  European  mounds,  where  they  occur  in  various  shapes  and 
variegations  of  color,  as  may  be  observed  in  works  devoted  to  antiqui- 
ties.^ The  magnificent  Cesnola  collection  in  New  York  has  varicolored 
examples  from  Cyprus.  The  Kertch  example  (Archeeologia,  34,  pi.  6,  t 
20)  is  bine  with  white  circles.  The  same  tints  occur  on  Egyptian  beads 
in  the  Loavre,  and  on  Fhoeutco-Greek  specimens  iu  the  Liverpool  Ma- 
seam.  The  British  Mnsenm  has  beads  from  Tyreof  a  dark  gronnd,  some 
with  white  circles,  others  with  transverse  zigzag  bands. 

A  Venetian  bead  known  as  "  comaliDe  d'Aleppo  "  is  widely  spread. 
It  is  red,  with  a  white  or  yellowish  center,  and  when  strung  or  worked 
into  ornaments  the  white  is  scarcely  apparent,  bo  that  it  might  be  sap- 
posed  that  red  beads  wonid  answer  as  well.  Possibly  they  are  more  pleas- 
ing to  the  eye  when  sold  in  bulk.  I  have  specimens  of  it  from  Abyssinia, 
Algeria,  in  native  work  of  Demerara,  in  a  medicine-bag  probably  from 
the  Bocky  Mountains,  in  moccasins  of  the  kind  made  by  the  Indians  of 
New  York  and  Canada,  and  Mr.  W.  H.  Holmes  of  the  Hayden  expedi- 
tion picked  up  a  specimen  near  the  trail  in  the  vicinity  of  Uie  ancient 
ruins  of  the  Bio  Mancos,  in  Southwest  Colorado.  Mr.  Holmes  alsofonnd 
a  small  elliptic  white  enamel  bead  among  the  dibrit  of  the  rains,  bat 

*  Loocuter,  Pa.,  Ezprew,  March  B,  1S76. 

t  Aotiqaitiea  of  the  Sontbern  lodiaiu,  1B73,  pp.  S35-S3T,  520. 

t  ArchBologla,  I85I,  vol.  34,  CDte  p.  117,  and  pL  5,  incIadiDg  a  Sabioe  example  (C  Zi), 
tno  bom  Eerteh  (f.  20,  SI),  and  three  from  Eg^rp*-  All  these  ate  variooloied.  Tit 
Bpherio  and  aoleate  forms,  Bga.  8, 13, 15,  knoim  u  "Druid's  heads,"  ooonr  la  EgTpt, 
and  are  lepresented  in  a  Urge  and  Taried  collection  of  andent  Etroacaa  specimeiii 
which  I  owe  to  the  liberaUt;  of  the  distinguished  ardueologist,  Slgnor  AlenandKr 
CaateUanl.  Among  ita  repreoeDtatiTea  of  the  plate  referred  to  are  fig.  SO  (Eerteb),  !3 
(cylindric,  Nahia),  S5  (trjangolar,  £gn>^)>  ^  (spotted,  Sabine),  and  35,  with  cclwed 
rings. 

£.  C.  Neville,  Saxon  Obsequiee,  IBoS,  pi.  1S-2S,  containing  seroral  hnndred  igartt, 
mostly  Tuloolored. 

John  ToDgeAkermsD,BeinalnB  of  Pagan  Sasondomj  1865,  cuts  p.  sxTiii,  andooloml 
plates  IS  and  SI,  with  thirty  or  forty  varieties. 

Fanssett  (op.  clt.),  pi.  5, 6, 7,  flgnree  in  single  tint  and  varioolored  of  about  two  bim- 
dred  eiamplea, 

Achille  Derille,  Histoire  de  I'Art  de  la  Terrcrie  daos  rAntiqnitti,  1873,  pi.  78-9,  Ttri- 
gated ;  pi.  5,  nnicoloced. 
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even  this  is  a  YenetiaD  pattern.  AmoDg  many  varieties  of  glass  beads, 
the  Wheeler  Sorvey  has  the  cornaliue  d' Aleppo  from  excavations  near 
Santa  Barbara,  Oal.  (Dos  Fneblos,  Big  Bonanza),  also  another  Venetian 
variety  with  the  center  black  instead  of  nhite.  Both  kinds  are  used 
by  the  modern  Utes.  It  deserves  mentioa  that  Professor  Henry  has: 
recently  procnred  for  the  Smithsonian  Institntion  a  fine  collection  of  Ye- 
Detiaa  beads  for  comparison  in  this  branch  of  archeology.  * 


COIOBED  BEAD  MQ  FBOM  A  HOVKD  AT  TBE  KXTREHE  KORTH  END  OF 
BLACK  BAHHOCK,  TBREB  HUES  WEST  OF  BOSQUIIO  INLET,  EABTEBX 
COAST  or  FLORIDA. 

By  a.  M.  BiKiiiBOH,  JuMtnt,  Coatt  Sunty. 

Imbedded  in  the  roots  near  one  of  the  sknlls  was  found  a  small  gold 
bead,  and  another  larger  one  of  sach  peenliar  material  and  constraction 
that  a  description  of  it  will  not  be  amiss.  (See  Fig,  1,  In  preceding 
article).  It  is  cylindrical,  IJ  inches  long,  I  inch  in  diameter  tbrongb  the 
center,  and  one-half  inch  across  the  hexagonal  ends.  Wbeu  taken  from 
the  ground,  parts  of  its  surface  had  a  pecaliarlj  pearly  or  Iridescent  ap- 
pearance, due  to  oxidation.  Upon  my  return  home  I  divided  it  length- 
wise, and  gave  one-half  in  its  original  condition  to  the  Superintendent 
of  the  Ooast  Survey ;  the  other  I  had  polished,  and  it  is  still  in  my 
possession.  It  is  brilliantly  colored  aroand  the  middle  by  dark  and  light 
blue  longitudinal  bars,  tapering  toward  the  ends  of  the  bead,  which  are 
deep  red,  each  bar  b^ng  defined  by  a  dead  white  line.  Knnning  length- 
wise through  the  center  is  a  variegated  cylinder  of  op'iqne  and  semi- 
transparent  enamel,  or  glass,  which  has  a  single  perforation.  Obviously, 
a  tube  arranged  in  conoentrio  layers  of  different  colors  was  first  made, 
then  cot  into  sections  at  intervals,  and  each  section  gronnd  to  the  present 
shape.    It  is  beautifnlly  tinted,  and  plainly  the  work  of  a  skilled  artisan. 


8HILL-HEAF8  AT  THE  KOtTIH  OF  SUKT  JOHK'S  BITEB,  FLOBIDA. 

Bt  B.  p.  Uatbbrrt,  Cape  EliMoietli,  Me. 

Fort  George  Island  lies  at  the  month  of  Saint  John's  Biver,  Florida. 
It  embraces  1,100  acres  of  high  and  dry  "  hammock"  land,  sorronnded 
oa  three  sides  by  1,800  acres  of  marsh.  On  the  remaining  part  is  a 
Huidy  beach,  whioh  also  extends  along  the  mouth  of  the  river  fonr  miles. 
The  island  is  veiy  nearly  level  and  covered  with  a  dense  growth  of  many 
varieties  of  wood,  among  which  are  live  and  water  oak,  magnolia,  hick- 
ory, cedar,  uid  pine.  Meant  Cornelia  is  a  hill  of  sand  about  one-half 
mile  firom  the  shore.  It  is  estimated  that  there  are  forty  acres  covered 
with  large  pilee  of  oyater-shells,  while  many  acres  are  covered  with 
20  B 
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Ihem  distribated  evenly  over  the  snrface.  In  that  climate,  when  not 
protected,  tbey  disiotegrate  'with  Bome  degree  of  rapidity. 

The  larger  deposit  that  ve  examiDcd  covered  I J  acres ;  the  height  at 
t  he  point  mast  have  l>eeD  30  feet.  In  shape  it  reaembled  a  bovl  tamed 
bottom  Bide  np.  The  upper  sarface  was  covered  with  a  vegetable  mold 
from  10  to  13  inches,  upon  which  were  growing  foreat-trees.  We  meas- 
ured a  live-oak  which  had  a  diameter  of  32  inches.  Six  feet  from  the 
bottom  was  a  layer  of  blade  vegetable  mold  following  a  coarse  nearly 
parallel  with  the  sarface  of  the  groand.  It  showed  no  indication  that 
there  were  auy  trees  growing  in  the  space  occnpied  by  these  deposits 
previous  to  their  being  transported  there.  The  shells  were,  withont  an 
exception,  single,  and  inside  of  the  pile,  where  they  had  not  been  exposed 
to  the  influence  of  the  climate,  no  signs  coald  be  discovered  of  tbeir 
having  been  treated  with  fire.  Large  quantities  of  these  shells  are  being 
carted  off  to  make  roads  on  the  island,  so  that  we  had  a  good  chance  Co 
seethe  interior  of  the  pile.  We  were  informed  by  the  cartmcn  tbat 
hnman  skeletons  were  found  occasionally.  A  gentleman  informed  me 
tbat  he  had  seen  a  piece  of  pottery  on  which  was  marked  "  1707."  Ad- 
joining the  above  pile  was  a  depression  resembling  the  inside  of  a  bowl, 
the  ontside  being  irregular,  and  in  one  place  it  looked  as  though  the  side 
might  have  been  forced  out  and  tbat  it  was  caused  by  a  large  body  of 
water  which  had  been  inclosed  and  burst  from  its  conSuement.  In  tlie 
center  of  this  deposit  the  shells  were  not  three  feet  deep,  while  the  walls 
were  fifteen. 

On  another  part  of  the  island  the  proprietor  Informed  me  that  among 
forest-trees  of  2  and  3  feet  diameter,  on  the  deposits  could  be  traced  dis- 
tinctly the  rows  and  other  indications  of  sugar-cane  cultnre.  Aboata 
month  previous  to  my  visit,  Dr.  Hall  leveled  a  sand  mound  in  front  of 
Ills  residence,  in  which  were  human  skeletons,  stone  implements,  and 
pol  tery. 


AKCIEXT  MOUITD  IV  WESTEBK  PEKKSILVIITIA. 

Bv  WiLUAH  M.  Taylor,  </  Mount  Jaekton,  Pa. 

This  mound  is  about  35  feet  in  diameter  and  5  feet  high.  Joining  tlie 
circumference  on  the  southeast  is  a  projection  35  feet  long,  of  the  same 
height  as  the  main  part.  This  gives  the  mound  a  gridiron  shape,  witii 
a  very  broad  handle. 

The  site  of  the  mound  is  on  the  Mahoning  Itiver,  west  side,  second 
beuch,  and  about  a  qnarter  of  a  mile  from  the  stream.  It  is  one-third 
of  a  mile  from  the  mound  back  to  the  range  of  hills  more  than  a  hundred 
feet  high.  It  is  worthy  of  notice  tbat  the  projection  extends  in  a  course 
parallel  with  the  river  on  one  side  and  the  hills  on  the  other. 

In  leveling  this  monod  a  number  of  graves  and  ckeletons  were  dis- 
covered.   There  were  also  a  few  implements,  bone  beads,  mica,  Sx., 
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foand.  Most  of  tbe  skeletoDS  qaickly  crntnbled  npoD  exposure  to  tbe 
air.  ITrom  Mr.  Gibsou,  the  owner,  I  obtaioed  a  large  and  \fel\  shaped 
i^all.    Theaaderjaw  isatill  attacheil,  aod  most  of  tbe  teeth  remain. 

Od  a  former  visit  I  picked  np  a  unmber  of  bones  that  were  lying  loosely 
aroQDd  after  the  attempt  at  lereling.  The  skeletons  were  sniroanded 
hj  large  flat  stones  set  on  their  edges.  These  stones  were  bronght  from 
the  bills,  as  there  are  none  like  them  in  the  bottom.  The  earth  of  which 
tbe  moand  was  built  was  also  brought  from  a  distance.  It  is  qnite  dif- 
ferent in  color  and  quality  from  that  near  by.  Some  charcoal  is  found 
mixed  in  it.  Flint  cbippings  and  arrow-beads  are  still  lying  around. 
Formerly  various  stone  implements  were  fonnd  in  tbe  neighborhood, 
Last  spring  a  colored  man  was  plowing  on  the  farm  of  Mr.  0.  B.  Easby, 
ou  the  hill-side,  in  sight  of  the  monnd,  and  less  than  half  a  mile  from  it. 
Id  the  turning  over  of  the  sod  he  discovered  an  ancient  cache.  The 
stock  or  collectioD  consisted  of  axes,  hatchets,  tomahawks,  hoes,  wedges, 
aodachniu  on  which  were  strong  several  of  the  tomahawks.  There  were 
over  twenty  iron  implements  in  all.  No  two  of  even  the  same  kind  were 
of  tbe  same  size  or  shape ;  but  one  of  the  boes  was  almost  identical  in 
shape  and  size  with  the  hoes  made  for  the  Southern  cotton-flelds.  Is  it 
probable  that  tbe  same  race  and  generation  used  both  the  iron  and  stone 
implements  t  Tbe  iron  tools  have  a  very  thick  coating  of  mst  upon  them, 
and  are  evidently  among  tbe  first  irou  implements  ever  used  by  any 
people  in  the  valley  of  tbe  Mahoning. 

Near  the  mound  once  stood  the  Indian  village  of  Enshknsbkee,  or  Eaa- 
kaslinnk.  Pakanke,  tbe  Delaware  chief,  and  Qlikkikan,  a  celebrated 
orator  of  the  Delaware  tribe,  lived  here.  It  is  probable  that  Christian 
Frederick  Post  visited  the  Indians  in  this  town,  by  appointment  of  the 
governor  of  Pennsylvania,  in  1768.  **Agnin,  in  1761,  Post  repeated  bis 
Tisit ;  not  on  this  occasion  in  the  capacity  of  a  political  envoy,  but  as 
an  ambassador  of  the  gospel." — Black  Bobea. 

This  was  the  >'ear  before  tbe  establishing  of  the  Moravian  missionary 
station  and  the  foauding  of  Friedenstadt,  nine  miles  below  on  the  Bea- 
ver River,  near  the  present  town  of  Moravia. 


DEPOSIT  OF  ABBOW-HEABS  NBAS  FISHKILL,  V.  T. 

By  Edwin  M.  Shrfard,  o/  Korfolk,  Conn, 

This  interesting  discovery  of  arrow-heads  was  made  npon  tbe  farm  of 
Hr.  George  Allerton,  at  Green  Haven,  DatchesB  County,  New  Tork. 
The  farm  is  situated  in  a  beautiful  valley  about  twelve  miles  from  Fish- 
bill  on  tbe  Hudson.  It  seems  that  there  were  several  bog-boles  scattered 
aboQt  tbe  place,  each,  perhaps,  25  to  40  feet  in  diameter.  They  have  a 
few  incbea  of  water  and  several  feet  of  rich  muck,  and  are  the  resort  of 
QDmeroos  frogs,  turtles,  and  snakes.    Last  July  Mr.  Bedevaty,  thinking 
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that  the  muck  would  be  an  ezcelleot  tbiDg  to  spread  od  bis  land,  set 
oue  of  bis  oiea  at  work  banliog  it  out.  While  employed  in  digging,  liis 
spade  brought  np  a  number  of  arrow-points.  He  described  tbem  to  be 
nicely  piled  side  by  side,  edgewise,  in  two  or  three  rows.  There  were 
perhaps  two  or  three  hundred  in  all.  On  each  side  and  on  top  were 
some  charred  logs  and  sticks,  that  seemed  to  be  the  remaius  of  an  old 
fire.  They  were  10  or  Id  inches  below  the  surface  of  the  pood.  They 
are  of  »  blae  jaspery  fliot,  and  seem  to  be  to  an  unfinished  couditiou. 
I  thought  that  probably  the  Indians  had  brought  them  from  a  distaDce 
(as  I  have  never  found  any  of  the  same  rock  anywhere  in  this  neighbor- 
hood) and  made  this  pocket  and  covered  tbe  traces  of  tbem  by  building 
a  fire,  iDteodiog  to  return  and  finish  tbem  at  their  leisore ;  or,  perhaps, 
they  hid  them  there  to  prevent  their  capture  by  their  enemies. 


STOIfK  CELTS  IIT  THB  WE8I  IXSIES  AND  IS  AFBICA. 

(Extract  from  a  letter  of  Geo.  J.  Gibba,  esq.,  Turks  Island.) 

Mr.  Gibbs  draws  attention  to  a  paragraph  (vol.  ii,  p.  461)  in  the  work 
of  Martin  Fernandez  Navarrete,  a  French  translation  of  which  wis 
published  in  Paris  in  1S28,  entitled  "Relations  dea  Qnatre  Yoyogee 
entrepria  i>ar  Ohnatophe  Oolombe,  &c.,"  in  which  the  natives  of  all  tbe 
West  Indies  are  said  to  use  "  des  baches  et  des  erminettes  faites  avec 
des  pierres  si  ^l^gantes  et  si  bien  travaill^8,~qu'on  ue  pent  trop  s'^too- 
ner  de  ce  qa*il8  ont  pu  les  fabriquer  sans  for."  On  page  448,  vol  ii,  M. 
Navarrete  repeats  the  words  of  Oolnmbas  concerning  the  idolatry  of  the 
natives,  "  Car  dans  lenr  maisona  ils  ont  des  idoles  de  plusiears  esp6ce& 
Je  (Golnmbos)  lenr  ai  demand^  ce  qne  c'etait,  et  ils  m'ont  i^pondu  qoe 
c^etait  nne  chose  de  Tureg,  ce  qni  vent  dire  da  del." 

In  tbe  same  letter,  Mr.  Gibbs,  after  drawing  attention  to  several 
places  in  Livingstone's  "  Last  Jonmal,"  where  tbe  distingnished  author 
denies  ever  having  beard  of  stone  implements  in  Africa  (pp.  63, 80, 
442,  448),  says  that  in  1841  a  Spanish  slave-sbip  was  wrecked  on  the 
Caicos  Islands.  In  conversation  with  Mr.  Gibbs,  who  shoved  some  of 
the  negroes  a  stone  celt,  tfaey  remarked  that  such  things  were  wor- 
shiped in  tbeir  country,  that  they  fall  from  heaven  dnring  thunder- 
Btorma,  and  that  they  are  a  sure  preventive  of  the  evil  effects  of  light- 
Ding  to  those  who  keep  tbem  in  their  bouses.  It  is  esteemed  veiy 
onlacky  to  part  with  one  nnder  any  circumstances. 


tHB  INDIANS  OF  PBBU. 
Bt  F.  L.  Oalt,  H.  D.,  ^  £jnicU«r7,  F«. 
The  tribes  of  Sonth  American  Indians  who  live  on  and  to  the  east- 
ward of  the  Andes  in  Peru  belong,  according  to  d'Urbigny's  classifica- 
tion, to  the  Baa  AndtyPermvieHM,  one  branch  of  which  be  de^gnatesos 
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the  Quickuaa  and  Aymartu,  and  the  other  as  the  Amtisian,  The  latter^ 
more  eBpecially,  embrace  those  living  to  the  eastward  of  the  Cordil- 
leras, whose  home  is  among  the  lowlaods,  which,  I  sappoee,  include 
what  is  known  as  the  "  Monlaila''  of  Fern,  This  Montaila  embraces  a 
district  from  an  elevation  of  4,000  feet  down  to  the  level  of  the  Ucaj'ali 
basin,  whose  average  level  above  the  sea  varies  ftom  200  to  500  feet, 
and  is  continuoos  with  the  lowlands  of  the  Brazilian  portion  of  the 
Amazon  Talley.  There  are  three  platforms,  differing  greatly  in  height, 
which  form  the  basins  of  the  Ucayali,  the  Hnallaga,  and  the  proper 
main  carreut  of  the  MaraQon  itself;  and  the  tribes  who  inhabit  the  low 
coantries  of  Eastern  Pern  have  traded  for  centuries  among  the  broad 
cnrreats  of  the  first  two  river  bottoms.  The  Ucayali  River,  which  seems 
for  some  reasons  worthy  of  being  more  properly  considered  the  contin- 
nation  of  the  Peruvian  part  of  the  Amazon,  has  a  length  of  885  miles 
from  its  deboachment  into  the  Marafion  to  the  point  where  the  two 
streams  Urabamba  and  Tambo  nnite  to  form  it.  On  the  old  charts  of 
the  priests  it  was  called  the  Apo-Faro,  and  the  term  Ucayali  only  applied 
to  tbe  more  northern  half,  from  about  the  Piichitea  to  the  MaraQon.  A 
fine  stream  like  this,  which  by  recent  snrveys  has  been  shown  to  be 
navigable  for  steamers  its  whole  length,  and  with  its  comparatively 
moderate  current  of  2.65  miles  per  hour,  must  have  naturally  attracted 
the  iiatires  to  its  borders,  where  abundance  of  fish,  turtle,  and  water- 
fowl offered  so  easy  a  livelihood.  We  acconlingly  find  that  the  manu- 
script records  of  the  friars  of  the  order  of  Saint  Francis,  which  show 
the  ardent  spirit  of  these  enthusiasts  during  two  centnries,  mention 
numerons  peoples  dwelling  along  the  whole  length  of  this  noble  river; 
and  the  present  deserted  spectacle  of  its  borders  gives  ns  no  index  of 
tbe  popniation  which  once  dwelt  here.  Another  attraction  for  the 
native  was  the  comparatively  moderate  heat  which  is  to  l>e  encountered 
here,  as  in  all  parts  of  tbe  MoutaQa  of  Peru,  not  rising  above  an  annual 
average  of  24°  C.,and  it  must  have  attracted  migration  now  and  then  from 
the  more  desolate  or  cold  heights  of  the  sierras  to  tbe  westward.  The 
great  drawback  to  the  basin  of  this  river  Ucayali,  and  also  to  the  whole 
of  tbe  river  conntry  of  the  lower  part  known  ns  the  "Pampa  del  Sacra- 
mento,'* would  have  been,  probably,  tbe  inundations  of  tbe  rainy  season, 
and  tbe  comparatively  few  points  suitable  for  permanent  settlement. 
The  simplicity  of  house  structure,  and  the  very  few  articles  to  be  trans- 
ported, would  have  connteracted  this  objection,  and  the  generosity  of 
the  climate  as  to  vegetable  production  would  offer  them  a  relief  from 
the  toil  of  a  hardy  agriculture  and  the  preparation  for  cold,  which  they 
foand  so  necessary  among  the  mountains. 

Of  the  origin  of  tbe  tribes  living  in  the  lower  portion  of  the  Moutaiia 
of  Pern,  we  have  little  or  no  reliable  information.  What  relation  the 
present  representatives  bore  to  the  Inca  population  is  uncertain. 

In  some  recent  surveys,  nndertaken  under  th6  auspices  of  Pern,  of  the 
tributaries  of  the  Amazon,  which  waters  the  territory  of  that  repnbliOf 
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I  bad,  an  eargeon  of  tbe  expedition,  many  opportanities  of  becoming  bc> 
qnainted  with  tbe  tribes  wbo  live  in  the  lowlands  of  the  t>a«n  of  the 
Ucayali,  tbe  Marafion,  Pacbitea,  and  other  streams,  and  I  coald  obt^n 
bat  the  faintest  knowledge  of  their  peoples.  Tradition  among  them 
seemed  to  be  reduced  to  its  lowest  cooditioo,  and  among  those  tribes 
which  I  visited  there  was  oaly  ooe  which  seemed  to  treasare  any  notion 
of  the  iDca  history ;  and  they,  in  their  pride  of  fancied  descent  from  that 
race,  showed  iu  tbeir  physical  type  some  resemblance  to  tbe  ancient 
ralers  of  Peru. 

Beginning  at  tbe  month  of  the  Ucayali  Rirer,  the  following  tribes  ap- 
pear as  we  go  up  that  stream :  Kokamas  occnpying  both  sides  and  tbe 
adjacent  conntry  of  the  Ilara&on  River.  They  are  a  Christianized  peo- 
ple, and  are  those  more  freqaently  foand  abonc  the  villages  occupied 
by  the  white  settlers.  Their  color  is  darker  than  that  of  most  others 
of  the  iuhabitaiits  of  that  country,  and  their  stature  is  below  tbe  average. 
Their  limbs  have  not  the  ronudeil  forms  which  characterize  some  others, 
and  their  features  are  harsher  in  expression.  They  are  very  tractable 
and  work  faithfully.  Fidelity  among  their  womeu  is  a  characterisUu 
virtue. 

The  Mayonruuas  inhabit  the  conntry  back  from  the  river  bereabonts, 
and  are  leiis  approachable  by  Christian  or  civilizing  influeuces. 

Remains  of  tbe  Setibos  sbipibos  are  here  aud  there  to  t>e  foand, 
although,  as  is  generally  the  case  on  this  and  other  river  borders 
of  tbe  Montafia,  the  tribal  type  is  m  destroyed  by  the  custom  of  tbe 
priests  for  many  years  to  collect  together  at  the  various  missions  the 
yonngerof  the  different  tribes  for  religions  and  other  purposes,  that 
intermingling  of  blood  has  destroyed  among  most  of  the  tribes  distinct 
tive  marfas. 

The  Conibos,  are  the  largest,  most  namerons,  and  most  important  of 
all  the  river  tribes,  and,  having  been  about  the  prominent  missions, 
such  as  Sarayacu,  Calling,  aud  other  places  for  mauy  geuerutions,  they 
are  the  most  conspicuous  on  the  Ucayali.  Id  their  type  they  resemble 
much  the  Inca  caste  in  their  strongly  aquiline  nose,  which  is  promineotj 
their  broad  forehead,  large  eye,  yellow  corueii,  aud  not  promiuent  cheeit- 
bone.  The  limbs  are  round ;  abdomen  protuberant ;  haudsandfeet  Baall; 
shoulders  broad,  though  rounded,  Tbe  custom  of  flattening  the  heads, 
said  by  some  to  be  a  custom  among  them,  must  be  very  rare,  as  I  never 
saw  an  instance  of  it,  though  much  among  that  tribe.  They  pride  them- 
selves much  on  their  blood,  and  do  not  permit  of  marriage  amoDg  neigh- 
boring tribes,  although  they  frequently  make  raids  on  tbeir  neighbors 
living  up  on  the  Pachitea  and  Snngaruyacn,  the  Ooxibos,  for  tbe  piir> 
pose  of  stealing  children,  women,  and  slaves. 

Auuat  the  missions  of  Calleria  and  Caxiboya  are  found  tbe  remains  of 
the  older  tribe  of  the  Bemos,  wbo  have  disappeared  very  mnch  through 
wars  and  disease.  They,  like  the  Auiahuacus,  who  live  higher  up  tbe 
Ucayali,  above  tbe  Pachitea,  are  mostly  to  be  found  as  davea. 
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M.  CaatelDau,  in  hia  Voyage,  gives  some  statemeDts  going  to  show  tliat 
there  is  among  the  tribes  of  this  regioo  a  definite  idea  of  fatntily  iu 
oouuectioQ  vith  the  soul's  immortality  and  of  a  Supreme  Being,  It  ap- 
pears to  me  that  he  mast  have  coufoonded  the  notioos  they  have  gained 
by  long  contact  with  the  friais  with  their  original  ideas.  Those  whom 
I  often  conversed  with  among  these  tribes,  traders,  priests,  half-breeds, 
and  Indiana  themselves,  eeemed,  aa  fiir  as  I  could  learn,  a  race  most 
ignorant  of  everything  beyond  the  daily  life  they  led,  except  where  they 
had  some  comprehension  of  what  tbey  had  heard  from  the  teaobings  of 
the  friars,  who  for  over  a  hundred  years  have  been  among  them.  I  was 
repeatedly  told  by  the  very  intelligent  prefect  of  tbe  order  of  Saint 
Fraocis,  at  Caxiboya,  the  headquarters  of  tbe  missiooB,  that  he  had 
never  been  able  to  detect  among  the  parely  earage  natures  any  notions 
of  the  subjects  referred  to,  except  that  they  seemed  to  have  a  vague 
idea  of  aa  evil  spirit,  who  in  tbey  looked  upon  as  the  author  of  all  the 
ills  of  litb;  that  of  tbe  soul  and  its  immortality  they  did  not  entertain 
tbe  rudest  conception. 

The  Conibo  tribe,  from  their  prominence  on  the  river,  are  more  ap- 
proachable by  the  whites,  and  they  show  a  larger  degree  of  tbriftiness 
and  comprehension  of  the  uses  of  trade.  But  when  at  their  homes, 
nnexcited  by  the  animatiou  of  bnsiness,  there  seems  little  difference 
between  them  and  tbe  other  tribes  in  that  country,  being  indisposed  to 
commnnicate  information,  quiet,  with  a  species  of  cadness,  or  ratber 
apathy  arising  &oia  want  of  tbongbt.  Vet  it  ie  well  known  that  when 
tbey,  or  any  of  the  representatives  of  tbe  tribes,  are  taken  young,  as  is 
frequently  the  case — sale  of  them  being  one  of  the  elements  of  trade  on 
tbe  rivers — and  brought  down  to  tbe  villages  on  tbe  Maranon,  or  to  the  in- 
terior, where  there  are  white  popnlatious,  they  develop  rapidly  a  remark- 
able sprigbtlinesa.  They  learn  tbe  Spaitisb language  with  great  facility,R8 
also  the  variousduties  they  are  called  on  to  perform  asuursosor  servants 
for  children  or  grown  people,  and  in  all  respects  acquire  the  arts  of  tho 
stage  of  civilization  of  that  coantry  with  ease.  Many  of  these  yoang 
persons,  however,  die  before  they  have  been  in  their  new  homes  any 
length  of  time,  not  from  homesickness,  which  they  rarely  feel,  but  from 
a  change  of  diet  and  mode  of  life,  the  comparative  plenty  of  their  new 
mode  of  existence  and  its  excitement  apparently  producing  derange- 
meats  of  digestion.  Among  all  the  young  people  of  the  tribes  of  the 
Ucayali  and  its  tributaries  who  thus  find  their  way  into  civilization,  tbe 
children  of  the  Campas  tribe,  who  inhabit  tbe  country  of  tbe  Cerro  de 
la  Sal  and  the  south  part  of  the  Pampa  del  Sacramento,  are  prefened 
on  aocoant  of  their  quickness,  energy,  and  fine  physiqne,  which,  though 
slight,  is  somewhat  more  elegant  iu  figore. 

The  OoDibo  tribe  control  tbe  Ucayali  for  some  distance  above  tbe  Pa- 
chitea,  anil  are  then  replaced  near  tbe  Urnbamt>a  and  Tambo  Bivera  by 
tbe  Pirros,  who  are  tbe  most  stalwart  of  all  the  aborigines  of  this  country. 
They  inhabit  both  sides  of  the  Ucayali  near  the  two  rivers  mentioned, 

Google 


312 


THE  IKDUH8  OF  PEfiU. 


and  also  about  the  months  of  the  Urabamba  and  Tamba  This  change 
bom  the  dall,  heavy-looking  Conibo,  Sitibo,  and  Shipibo  is  possibl; 
owing  to  a  modiflcation  in  climate,  which,  about  the  ooantry  (tf  the 
Pirros  tribe,  is  much  more  moderate  as  to  temperature  and  damp- 
ness. 

The  surface  of  the  country  is  also  much  more  open  a  little  way  fiwn 
the  river  margins,  and  allows,  therefore,  of  locomotion  by  other  mean* 
than  that  of  the  slnggish  canoe.  This  difiereoce  of  phyeical  features  itf 
a  section  mnat  in  the  coarse  of  time  make  considerable  difference  in  the 
pbysiqne  of  races,  and  its  effects  are  probably  not  more  distinctive  any- 
where than  in  the  tangled  jnngles  of  the  Amazon  and  the  open  plauu 
of  the  La  Plata  basin.  This  physical  distinction  reacts  on  the  morale 
of  tbe  inhabitant,  and  sabstitutes  for  the  slnggish,  apathetic,  and  nncom- 
mnnicative  native  of  the  former  location  the  active  horseman,  the  bold 
antagonist,  and  the  ready  occupant  of  the  pampas  of  tbe  temperate 
regions  to  the  sooth.  The  country  inhabited  by  tbe  Pirros  tribe  com- 
miiuicatea  with  the  headwaters  of  some  of  tbe  Brazilian  rivers,  and 
intercourse  is  more  or  less  regularly  kept  up  with  the  tribes  of  that 
country,  inducing  similarity  of  customs,  &e.  The  Pirros  also  commoDi- 
cate  with  the  country  of  Gnzco  for  trading  purposes,  and  tbey  show  & 
much  greater  vitality  than  those  living  down  on  the  Lower  Ucayali- 
But,  of  all  the  tribes  of  the  tributaries  of  the  Ucayali,  those  of  tbe 
Tambo  and  Ere  Rivers  and  of  the  Cerro  do  la  Sal,  attract  more  atten- 
tion by  their  long,  persistent,  and  dangerous  hostJlity  to  tbe  whites. 
Tbey  are  known  iu  tbe  old  manoscripta  as  the  "  Antia,"  and  under  tbe 
name  of  Campas  appear  more  conspicuously  about  the  end  of  the  last 
century.  The  Mars  of  Saint  Francis  seem  to  have  made,  among  tbe 
tribes  of  the  Cerro  de  la  Hal,  greater  progress  in  civilizing  than  else- 
Tt'bere  In  tbe  MontaBa,  and,  from  that  portion  of  the  valley  of  the  Oban- 
chamayo,  of  the  Perene  and  Ere  Rivers,  they  steadily  pushed  their  way 
to  the  Ucayali,  and  even  down  to  the  MamSon,  during  tbe  last  ceotaiy 
But  it  appears  that  an  apostate  from  Christianity,  one  of  tbe  race  who 
had  been  educated  in  Spain,  returned  to  the  land  of  his  fathers,  pro- 
claimed himself  as  sent  of  God,  to  redeem  bis  people  from  the  tyranny 
of  the  worship  of  the  priests,  and  a  general  massacre  of  these  holy  pio- 
neers forever  pnt  a  stop  to  progress  in  tbe  sootbwest  part  of  the  Pampa 
del  Sacramento.  Since  that  time  tbe  route  to  the  Ucayali  by  the  Ere 
and  Perene  has  been  closed  to  the  white  man  and  the  neighbor  Indians; 
and  even  government  expeditions  sent  to  reopen  that  road  have  been 
baffled  and  compelled  to  retire  before  the  ambuscades  which  tbe  Campas 
ever  prepared  for  alt  who  sought  to  disturb  their  water-^nt  along  the 
Cerro  de  la  Sal.  Besides  the  Campas,  living  along  these  rivers  tbeie 
were  the  Campantis,  Pirros,  and  Bimioohis,  although  all  were  merged 
or  lost  in  the  towering  reputation  of  tbe  Campas,  and  now,  all  along  the 
Ucayali,  tbe  Pachitea,  and,  in  fact,  all  tbe  streams  flowing  ftom  the 
Pampa  del  Sacramento,  that  name  Is  sntBcient  to  startle  a  tribe  into 
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fear  or  flight.  The  old  name  of  "  Enlm  "  is  to  be  fooDd  as  that  of  an 
lodJaD  soveEei^ty  Id  the  Boathem  part  of  the  Pampa,  altboagh  one  does 
not  hear  of  it  nowadaya.  The  Oampaa  have  generally  a  broader  chest 
than  is  commoD  with  the  other  tribes,  proportioBata  to  the  height,  and 
their  hands  and  feet  are  often  very  beautiful  as  to  size,  and  the  instep 
of  the  foot  maoh  uvhed ;  their  eyes  are  smaller  than  those  of  many 
other  tribes  found  in  the  Ucayali  Valley,  and  the  forehead  baa  not 
that  breadth  so  common  among  the  Gonibcw.  The  progress  first  made 
among  them  by  the  friars  has  bad  the  effect  of  caasiog  a  good  many 
reports  as  to  their  advance  in  the  mecbanio  arts,  and  I  heard,  while 
npon  the  Ere  and  Tambo  Btvers,  that  they  knew  now  the  art  of  work* 
ing  In  iron,  although  I  coald  never  ascertain  this  fact  from  those  whom 
I  saw  of  that  tribe.  Being  the  Isbmaelites  of  the  Ucayali  ba«n,  there 
was  little  to  be  learned  of  them  from  their  neighbors. 

Many  of  tbe  tribal  names  mentioned  by  the  friars  in  their  early  voy- 
ages down  tbe  Ucayali  are  not  now  to  be  heard  ou  that  river.  Some 
have  disappeared  by  war,  others  by  pestilence,  and  some  have  left  for 
"parts  unknown."  The  old  "Pano"  lives  now  only  as  a  sort  of  basis 
for  some  of  tbe  dialects,  especially  the  Bemo,  Couibo,  Sii>ibo,  and  Setibo. 
Tbe  language  of  the  old  "  Omagaas  "  tribe,  which  now  is  rarely  heard, 
is,  I  am  told,  the  most  difficolt  of  all  to  leam ;  that  one  has  to  learn,  in 
fact,  two  dialects,  the  men  using  one  set  of  words  to  express  their  ideas, 
and  the  women  another.  In  a  modified  form  tbis  ia  seen  not  only  in 
the  Quichoa,  but  some  other  of  the  river  dialects  of  the  Upper  Amazon. 

Daring  my  visit  to  tbe  river  country  of  tbe  Pampa  del  Bacramento  I 
waa  unable  to  leam  any  traditions  as  to  the  Inca  power  having,  in 
ancient  times,  ever  extended  itself  as  far  east  as  that  portion  of  Peru. 
However,  in  June,  1873,  during  an  expedition  made  up  the  Pachitea  and 
Pichis  Bivers,  which  flow  through  the  middle  and  southwest  of  the 
Pampa,  I  discerned,  some  60  miles  up  the  first-named  stream,  on  the 
face  of  a  sandstone  rock  which  formed  a  snrface  some  60  yards  long  by 
40  in  height,  near  the  foot  of  which  fiows  the  river  itself,  a  great  num- 
ber of  representations  out  into  the  rock,  and  which  could  also  be  dis- 
covered by  digging  away  the  soil  which  had  accumulated  at  the  foot  of 
this  stony  rampart.  Some  of  them  have  a  relation  with  other  relics 
found  in  the  interior  districts  of  Pern.  The  Indians  whom  we  had  with 
OS  had  never  heard  of  or  seen  these  tracings  before,  although  they  had, 
at  least  a  few  of  them,  gone  np  higher  than  this  point,  and  lived  near 
the  month  of  the  Pachitea  Biver  itself. 

It  is  a  very  noticeable  fact  that  these  tribes  of  the  lower  platforms  of 
tbe  Hontatla  of  Pern,  and  of  its  continuation  into  Brazilian  territory,  do 
not  seem  to  be  an  aboriginal  race,  or  one  suited  to  their  habitat.  They 
remind  one  of  refugees  from  some  other  dime,  and  have  the  appearance, 
as  to  the  conquest  they  make  over  the  difficulties  of  tfaeir  sftnation,  of 
"strangers  in  a  strange  land."  The  ease  and  frequency  with  which 
they  move  from  one  part  of  the  river  to  tbe  other,  according  to  the  stage 
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of  water,  tbe  anbomelihe  look  of  tbeir  habitatioDS,  tbe  antitled  Datore 
of  the  Boil,  where  vegetation  crowds  np  to  the  very  doors,  the  udocco- 
pied  character  of  their  life,  their  inability  to  tell  ns  of  themselTes,  their 
forefatbera,  of  tbe  sceoea  of  tbe  land  they  live  in,  all  go  to  sbow  a  for- 
eign extraotiOD  of  not  many  centuiies  paaC  In  fact  some  of  the  tribes 
liviog  now  on  the  Ucayali  and  on  tbe  MaraBon  did  come  from  the  slopes 
of  the  Andes  far  away  to  tbe  northward  in  Ecoador,  and  others  arrived 
there  from  tbe  npper  country  about  the  Huallaga,  and  Upper  MarofSon ; 
while  tbe  name  "  Omagaas,"  which  appears  on  the  AlaraBon  in  the  name 
of  an  abandoned  village  site,  and  a  member  of  which  tribe  rarely  is 
beard  of  in  this  western  part  of  tbe  great  Amazon  Volley,  comes  &om 
tbe  Bonth  and  east  under  the  name  of  Tupi  or  Gaarani.  The  physical 
characteristics  applied  to  this  stock  by  La  Oondamine  will  answer  for 
many  of  the  tribes  encountered  in  this  section  of  Sooth  America.  It 
seems  not  improbable  that  tbe  oldest  of  the  tribes  living  some  few  cen- 
turies back  in  the  low  country  of  the  Ucayali  and  Maraiion  have  been 
replaced  by  tbe  stronger  red  races  from  the  Andean  slopes,  who  in  their 
turn  have  withered  under  the  influence  of  their  new  climate  aod  its 
debilitating  teodeocies.  To  this  cause  for  disappearance  must  be  added 
small  pox  as  a  large  factor.  During  the  past  year  this  scourge  has 
desolated  the  river  country  of  the  borders  of  tbe  Brazilian  and  Peru- 
vian frontier,  and  bas  caused  the  entire  disappearance  of  one  of  tbe  most 
docile  and  physically  the  handsomest  of  tbe  tribes  aboat  the  month  of 
the  Naiw,  the  Taguas,  who  died  by  families,  and  were  eaten  by  the  wild 
beasts  and  birds  of  the  forest  about  them.  Tbe  caslom  of  piercing  the 
lower  lips  and  tbe  ears  for  tbe  purpose  of  placing  wooden  plugs  therein, 
which  was  characteristic  of  the  old  Tnpitiamba  race  of  Brazil,  is  to  be 
found  now  and  then  among  some  of  tbe  tribes  of  tbe  Ucayali  and  the 
Kapo,  on  which  latter  stream  the  enormous  dilatation  of  tbe  lobe  of  the 
ear  by  these  plates  is  a  striking  peculiarity  among  one  of  the  trit>ea  known 
as  the  Ootos.  But  as  far  as  I  could  learo  there  seems  to  have  been 
given  to  none  of  tbe  Ucayali  or  MaraBon  tribes  that  organized  faith  in 
religions  matters  which  some  writers  have  discovered  among  the  tradi- 
tions of  the  Tupinambaa  of  Brazil. 

In  reference  to  the  breadth  of  cheat  and  size  of  the  long-case  noticed 
among  the  dwellers  on  tbe  Andean  slopes,  I  may  state  as  tbe  result  of 
my  own  observation  that  this  development  is  oftener  to  be  enoonatered 
among  tbe  mixed  breeds,  the  cross  of  the  Indian  and  wbite,  and  mora 
particularly  in  the  female,  than  among  the  pare-blooded  Indians  whom 
1  have  seen  from  there ;  and  I  am  disposed  to  ascribe  this  to  the  fact  that 
tbe  female  is  the  burden-carrier  not  only  among  tbe  pare  Indian  races, 
but  also  among  the  half-castes  of  Pern,  and  in  her  relations  with  the 
whites  bas  more  drudgery  of  life  to  perform  in  many  instances.  The 
custom  among  them  of  carrying  burdeuBoo  the  head,  while  it  cootribates 
to  expansion  of  tbe  chest,  gives  them  no  erectneas  and  elegance  of  move- 
ment of  the  body  which  is  fre(iuently  noticed.    The  absence  among  the 
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Indians  of  the  Pampa  del  Sucrameuto  and  adjoining  tegions  of  the  mas- 
colar  delioeatioa  ia  the  limbs  is  very  cbaraoterietic;  they  seem  to  be- 
casbioned  with  adipose  matter,  whUAi  gives  a  rooodness  which  does  not 
disappear  even  when  performing  an  act  of  mascalar  exertion,  and  the 
contrast  between  this  race  and  the  negro  of  Brazil  is  very  striking.  This 
roondoess  of  figure  ia  continued  in  the  mixed  breeds  of  Indian  and  white. 
One  of  the  most  frequent  and  severely  painfal  affections  among  the 
Indian  races  ia  what  is  known  as  "  cold  abscesses  "  which  form  in  and 
nnder  the  moscalar  tissue  of  the  body.  They  give  rise  to  enormous  depos- 
its of  pos,  which  entail  great  debility  on  theindividnal,  and  which  are  these 
adipose  tissues  breaking  down,  no  donbt,  under  influences  of  depressed 
vitality.  This  softness  of  the  muscular  system  is  also  noticed  in  their 
bends,  which,  although  in  incessant  use  of  the  paddle,  never  seem  to 
acquire  that  horny  hardness  to  be  fonnd  among  a  laboring  class  in  more 
open  and  temperate  regions.  In  the  tribes  living  on  the  MaraSon  bor- 
ders, about  the  Dcayali  mouth,  the  nose  has  a  tendency  to  spread  con- 
siderably at  the  nostril,  nor  has  it  the  arched  appearance  to  be  seen 
among  the  Ooniboa  and  others  living  higher  up  on  the  Ucayali  Biver. 
The  color  of  the  skin,  too,  is  more  inclined  to  brown  than  red,  and  tho 
prominence  of  the  cbeek-bones  is  greater.  A  noteworthy  fact  among  the 
half-breeds — the  offspring  of  the  Spanish- Per nvian  descendant  and  tho 
Indian  of  the  Montana  of  Pent — is  the  great  general  resemblancefhere  is  to 
the  Chinese  type,  so  much  bo  as  to  make  ns  often  doubt  whether  there 
may  not  be  sometimes  a  blood  kinship.  This  resemblance  is  found  in 
the  obliqne  position  of  the  eye.  the  yellow-white  complexiouj  and  the 
Hhape  of  tho  nose.  This  resemblance  is  one  of  the  most  common  features 
observed  by  strangers  who  are  thrown  among  the  half-castes  of  this 
region. 

The  different  dialects  spoken  by  the  tribes  on  tfaeMaraBon,ncayali,and 
Hnallaga  Kivers,  where  the  Indians  have  been  for  some  time  in  con- 
tact with  the  white  or  half  white  Hispano- American,  are  very  much  inter- 
mingled in  conversation  with  the  Spanish  langoage,  so  that  persons  who 
are  familiar  with  this  latter  are  enabled  sometimes  to  partially  understand 
the  SDbject  when  listening  to  the  natives.  The  Mestizos  who  talk  with 
the  natives  always  use  the  Spanish  largely  in  tbeir  sentences.  I  was 
also  told  that  the  Quichua  spoken  in  that  part  of  Pern  was  mnch  cor- 
rupted, sometimes  so  much  so  as  not  to  be  intelligible  to  those  speaking 
the  purer  form  in  use  aboat  Oazco. 
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The  approxiaiate  geographical  positioo  of  tlie  ceDtral  portioa  of  this 
island  is  latitude  33^  65"  north  aod  longitude  120Q  8^'  west.  The 
island  ia  fifteen  miles  long  by  ten  milesinvidth,  the  general  shape  being 
that  of  a  parallelogram,  and  contaioB  abont  76,000  acres.  Its  longer 
axis  ia  parallel  with  the  line  of  the  coasC  and  the  Santa  Inez  Moont- 
ains,  which  form  the  northern  side  of  Santa  Barbara  Channel.  The 
cbaouel  between  Santa  Boaa  Island  and  tbe  islaod  of  Santa  Oraz  haa  a 
width  of  five  miles,  and  that  between  Santa  Bosa  and  San  Uigoel  a 
width  of  fonr  miles.  The  depth  of  water  around  Santa  Bosa  Island  is 
less  than  that  of  the  other  islands.  The  outline  of  the  island  is  bold, 
and  no  harbor  exists  aronnd  its  shores.  There  are,  however,  several 
places  where  vessels  can  land,  and  tbe  present  proprietors,  tbe  Hessra. 
Moore  Brothers,  have  bnilt  a  wharf  on  the  eastern  end  of  tbe  island, 
where  vessels  can  load  and  unload  at  any  time,  except  when  galea  pre- 
vail from  the  northeast. 

Qeology^-'S:hls  island  has  been  described  as  being  composed  of  sand- 
stone, but  tbe  first  thing  we  observed  apou  landing  was  that  tbe  eastern 
end  of  tbe  island  is  composed  principally  of  volcanic  rocks.  At  tite 
wharf  we  fonnd  a  good  exposure  of  strata,  forming  clifb  about  30  feet  in 
height,  the  lower  portion,  for  abont  15  feet  above  the  sand  of  the  beach, 
composed  of  stratified  sandstone,  fine  grained,  and  destitute  of  fossils, 
with  an  occasional  stratum  of  breccia  or  conglomerate.  These  strata 
have  a  dip  of  from  12°  to  14<>  southeast  The  upper  portion  of  the  cliSiB 
consists  of  a  horizontal  deposit  of  fragments  of  rhyolite,  trachyte,  vesic- 
ular basalt,  and  white  bitnmiaoos  elate.  The  fragments  gradually 
decrease  in  size  from  the  bottom  upward,  and  are  cemented  together 
with  volcanic  sand.  The  whole  is  covered  with  a  deep  and  apparently 
good  soil.  In  some  places  the  rook  fragments  in  the  upper  half  of  tbe 
clifls  have  been  water-worn  and  form  conglomerate.  Thia  character  of 
rock  extends  from  the  wharf  southeasterly  to  near  a  sand-point  at  tits 
southeastern  extremity  of  the  island,  where  it  culminates  in  a  hill  of 
volcanic  rock  175  feet  high.  This  is  exposed  for  some  distance  io  a 
southerly  direction  from  the  beach  on  the  north  side  of  the  point.  Tbe 
rocks  have  a  tendency  to  weather  into  odd  and  fantastic  forms,  the 
angular  ones  becoming  rounded  by  disintegration,  irregular  cavities 
and  caves  being  worn  in  it  by  the  winds. 

'Dr.  Lorenzo  Q.  Yatefl,  of  Cuntievllle,  Cal-,  rendered  me  rftlaable  Miistanctt  In  tbe 
exploration  of  tbis  Island.    The  geology  is  priooipsll;  oomptled  from  liisnotea. 
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At  the  northeastern  extremity  the  rock  is  a  coarse,  volcanic  breccia, 
composed  of  porpfajritic  and  trappean  rocks,  having  a  distinct  stratifi- 
cation, with  a  dip  of  30°  sontheast.  Several  spars  extend  oat  some  dis- 
tance from  tlie  shore-line  and  others  have  been  worn  away  by  the  in- 
cessant treating  of  the  snrf  nntil  they  form  small  rocky  islets,  while  the 
porpbyritic  rocks  which  have  weathered  out  of  the  main  body  of  the 
breccia,  tie  as  smooth  bowlders  at  tbe  base  of  the  cliffs.  From  this 
point  tbe  bills  rise  sharply  to  a  height  of  from  250  to  300  feet,  and  ran 
southwesterly  to  the  main  backbone  of  the  island,  which  lies  on  the  line 
of  its  longer  axis.  The  highest  points  on  this  range  were  visited,  and 
the  altitnde  was  foand  to  approximate  1,400  feet.  Several  high  peaks 
are  gronped  together  about  five  miles  south  of  the  wharf,  being  on  the 
soathern  side  of  the  line  of  the  longer  axis  of  the  island.  Three  of 
these  high  peaks,  lying  within  a  circait  of  about  two  miles,  were  meas- 
ured. The  first  (Black  Mountain)  measured  1^26  feet.  Crossing  over 
a  depression  350  feet  below  the  first  anmmit,  rhyolite  and  white  bita- 
miuous  slate  occurs.  The  next  peak  south  (Saddle  Mountain)  is  about 
100  feet  higher  than  the  first.  Between  this  point  and  the  hills  on  the 
aootheaaterly  aide  of  the  Cafiada  la  Cruz  limestone  occurs  in  the  bed 
of  the  creek,  with  ostrea  titang  and  other  Miocene  fossils.  Southeast- 
erly from  Saddle  Mountain,  and  lying  between  GaBada  la  Omz  and  the 
ocean,  there  is  an  intrusion  of  syenite,  tbe  extent  of  which  we  did  not 
ascertain;  nor  did  ve  discover  the  line  of  juncture  between  the  Mio- 
cene and  Pliocene. 

Od  the  north  side  of  the  island,  about  ten  miles  from  the  wharf,  and 
near  tbe  month  of  Soledad  Cation,  there  is  a  fino  ezposnre  of  strata, 
consisting  of  aboot  90  feet  of  Post  Pliocene  deposit,  containing  fossil 
bones  of  vertebrates,  and  at  one  place  fossil  physas,  at  a  depth  of  some 
75  feet  below  the  surface.  This  deposit  is  horizontal  and  overlies  strata 
of  older  rocks,  probably  Pliocene,  which  dip  13<3  northeast,  and  contain 
Peetena  and  TurbitulUu  in  abundance.  From  this  point  to  tbe  north, 
western  extremity,  and  around  the  west  end  of  tbe  island  to  tbe  point 
where  the  main  range  of  mountains  meets  the  ocean,  the  shifting  sands 
have  covered  the  rocks,  obliterating  all  other  writings  of  time  in  the 
geologic  formation. 

HiMtory. — The  first  written  account  of  this  island  and  ita  inhabitants 
ia  that  of  Juan  Bodrignez  de  Oabrillo,  a  Portuguese  navigator  in  the 
employ  of  Spain.  He  reached  this  group  of  islands  October  7, 1542, 
and  spent  nearly  six  months  here  and  on  the  main-land.  He  died  here 
and  was  buried  on  one  of  the  islands  on  tbe  south  side  of  Santa  Barbara 
Channel,  most  probably  San  Miguel. 

Cabrillo  describes  Santa  Bosa  Island  as  filled  with  inhabitants,  who 
differed  in  some  respects  from  those  living  on  the  main-land,  and  spoke 
a  different  language.  The  women  were  comparatively  white,  very  baud' 
some,  and  of  retiring  and  modest  demeanor. 

The  cause  of  the  decline  and  final  extinction  of  this  race  is  varionsly 
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Stated.  Tbe  old  JesDita  of  Santa  Barbaia  MiasiOQ  informed  Mr.  Taylor 
tliat  a  century  ago  tbe  BusBiaos  were  in  tbe  babit  of  visitiDg  tUU  island 
for  tbe  fni  of  the  sea-otter,  tbeo  very  abundant  faere.  Tbey  brongbt 
witb  them  natires  from  Alaska,  vbom  tbey  left  on  the  inland  daring 
tbe  winter  months,  having  taugbt  tbem  tbe  nse  of  fire-arms.  These 
fellows,  in  tbe  absence  of  the  Russian  ships,  amused  themselves  in 
shooting  tbe  defenseless  iobabitants.  Mr.  Taylor  thongbt  that  in  this 
way  we  can  acoonnt  for  tbe  number  of  skeletons  wblota  lie  exposed  in 
different  portions  of  tbe  island.  Anotber  account  la  that  tbe  Bussiana 
themselves  killed  them  off  in  vast  numbers  in  order  to  obtain  the  fan 
tbey  had  accumalated. 

Still  anotber  account  is  to  the  effect  that  a  destructive  famine  pn- 
vailed,  reducing  the  number  from  many  thousands  to  a  few  score  of  hi- 
dividuals. 

In  examining  tbeir  burying-places  we  found  many  aknlls  which  had 
been  broken  by  violence,  but  none  that  seemed  to  bave  been  penetrated 
by  bullets.  Tbis  was  especially  true  of  those  buried  just  beneath  the 
surface.  But  as  other  tribes  inhabited  adjoining  islands,  tbey  were 
probably  sometimes  engaged  in  war,  which  may  account  for  tbe  perfo- 
rated and  fractured  skulls.  A  famine  of  food  could  bardly  occur,  as  the 
inhabitants  depended  largely  on  tbe  sea  to  yield  them  food.  Molluglu 
are  still  abnudant,  as  well  aa  whales,  sea-lions,  seals,  and  sea-otters; 
also  various  kinds  offish  and  water-fowl.  The  only  possible  chancefor 
a  famine,  we  can  see,  would  be  in  tbe  drying  up  of  tbe  springs  and 
fresh-water  streams,  now  abundant  in  the  island.  In  a  large  burying- 
place  in  tbe  western  portion  of  the  island  we  found  human  bones  occor- 
ring  near  the  surface,  which  were  broken  lengthwise,  as  if  to  extract 
tbe  marrow ;  and  in  tbe  same  place  we  found  tbe  skeletons  of  as  many 
a»  fifty  children,  who  would  probably  be  tbe  first  to  die  in  case  of  & 
famine.  The  stumps  and  roots  of  many  trees,  indicating  about  the 
same  age,  may  be  still  seen  in  various  portions  of  tbe  island,  and  dead 
laud-shells  (Helix  ageraiana)  in  multiplied  millions,  all  of  which  moBt 
bave  been  destroyed  by  a  long  drought  many  years  ago.  At  all  events, 
about  tbe  year  1SL6  tbe  inhabitants  of  this  island  were  reduced  to  a 
few  individuals,  and  were  removed  by  tbe  priests  of  the  Bomish  mis- 
sions to  the  main-land.  They  wore  placed  in  the  mission  of  the  Faris- 
simo,  in  tbe  western  part  of  what  is  now  Santa  Barbara  County.  One 
individual,  an  old  man,  and  tbe  last  survivor  of  liis  tribe,  was  visited 
by  Dr.  J.  L,  Ord  a  few  years  since.  This  man's  name  was  Omsett, 
and  be  said  his  tribe  was  called  Chumas.  When  visited  by  thedoctor  (to 
whom  I  am  indebted  for  the  old  mau's  narrative  respecting  bis  ]>eople), 
tbrongb  very  old  and  entirely  blind,  be  was  quite  intelligent,  and  spoke 
Spanish  fluently.  Ho  represented  bis  tribe  as  being  very  numeroos 
Itrevious  to  tbe  advent  of  tbe  Spaniards.  Tbey  were  strong,  well-built, 
good  swimmers,  and  fine  fishermen.  Tbey  made  tbeir  hooka  from  tbe 
shell  of  tlie  haliotu;  bad  canoes  made  from  the  skins  of  sea-lions,  and 
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also  from  the  pJDe  and  large  redwood  logs  found  on  tbebeacb;  nsed 
spears  in  killing  the  whnle,  the  blabber  of  which  they  ate  raw.  Accord- 
ing to  thia  old  Indian's  account,  their  idea  of  a  future  state  was  some- 
what obscure.  They  worshiped  the  ean,  the  crow,  and  the  sword-flsh. 
The  sau  they  worshiped  morning  and  evening,  and  as  the  scarce  of 
light  and  heat.  Tbe  sword-fish  was  worshiped  becaose  it  brought 
them  the  whale,  as  they  were  numerons,  and  united  with  tbe  "orca," 
or  killer,  in  killing  or  driving  these  monsters  ashore.  Their  object  in 
worshiping  the  crow  is  not  so  clear. 

Nearly  all  their  food  they  ate  raw,  it  being  principally  of  fish  and 
mollusks.  They  pitched  their  boats  with  asphaltum.  TUey  carried 
on  considerable  trade  in  shells  with  the  Indians  in  the  interior,  who 
would  manufacture  them  into  money  and  ornaments  that  were  highly 
prized  by  both  sexes,  especially  the  females.  The  language  spoken 
by  the  "  Gbumas"  was  different  from  that  spoken  on  the  main-land. 

Antiquities. — A  large  portion  of  this  island  appears  as  a  vast  ranche- 
ria,  and  it  once  doubtless  supported  a  vast  population.  Just  west  of 
the  wharf  a  rancheria  begins  and  extends  for  the  distance  of  two  miles, 
stretching  across  a  point  of  land  which  projects  into  the  sea.  This  old 
nllage  or  raneberia  has  an  average  width  of  about  one  mile.  The  sand 
has  drifted  over  it  in  many  places,  and  in  others  the  soil  has  been 
removed  by  westerly  winds  until  many  skeletons  are  exposed,  and 
human  bones  are  scattered  promiscuously  over  the  surface.  Some  idea 
may  be  formed  of  this  extensive  shell-heap  when  I  state  that  over  the 
entire  rancheria  shells,  bones,  and  other  kitchen  dibria  have  accumu- 
lated to  the  depth  of  several  feet. 

Owing  to  the  luxurious  vegetation,  the  burial  places  were  not  readily 
found,  but  those  examined  yielded  many  skeletons.  The  implements 
were  uot  numerous,  and  were  generally  broken  when  buried.  Tbe  in- 
habitants seem  to  have  been  an  indigent  race,  living  in  much  greater 
poverty  than  those  on  the  main-land.  Including  fossils  and  some 
alcoholic  specimens,  we  obtained  about  one  ton  of  specimens. 

The  specimens  from  the  graves  and  shell-heaps  consisted  of  mortars 
mannfactnred  from  sandstone;  one  ol/n carved  from  crystallized  talc  and 
nsed  for  cooking  purposes ;  one  pipe,  cone-shaped,  and  about  six  inches 
long,  with  bone  mouthpiece  iuserted  in  the  smaller  end ;  pestles  of  sand- 
stone ;  perforated  disks  from  the  size  of  a  silver  half-dollar  to  five  or  six 
inches  in  diameter.  These  were  used  in  games.  It  required  either 
three  or  four  to  play  a  game  with  these  disks.  Two  individuals,  stand- 
ing at  s  given  distance,  rolled  the  disk  rapidly  npon  the  ground  between 
tbem,  while  one  or  two  others  stood  at  tbe  side  with  sharpened  sticks 
and  caught  the  disks  as  they  were  whirled  rapidly  by.  We  also  found 
a  conical  disk,  which  was  probably  used  in  spinning.  Spear-points, 
arrow-beads,  knives,  drills,  &c.,  of  chert  were  common.  We  found 
wampum,  beads,  and  a  Rreat  variety  of  ornaments  manufactured  from 
shells.    The  Olivella  Jnpllcata  is  nsed  from  which  to  manufacture  wam- 
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pom,  the  Pachydesma  erassateUoides  for  beads,  aod  the  Baliotia  for  otda- 
mentB.  Tho  specimens  in  bone  were  principal!;  vhistleSf  perforators, 
needles,  &o.  We  found  a  bone  implement  some  eighteen  incbes  loog 
and  shaped  like  a  butcher's  cleaver ;  also  bone  swords  or  ^tears. 

Although  more  than  sixty  years  have  elapsed  since  the  last  aarrivois 
left  this  island,  yet  the  material  c^  which  their  bouses  were  constmcted 
remains  nndecayed.  A  circular  excaration  was  made  to  the  depth  of 
three  or  four  feet,  aronnd  which  the  ribs  of  whales  were  planted  point- 
iog  inward  at  the  top,  and  covered  with  "sea-grass."  Those  we  exam- 
ined hod  fallen  inward,  and  the  bones  and  grass  were  covered  with  d^brit 
to  the  depth  of  a  foot  or  more,  bat  perfectly  preserved.  In  many  in. 
stances  they  had  used  the  circular  depressions,  where  these  dwellings 
had  been  erected,  for  burial  places. 

It  was  not  unusual  to  find  the  teeth  very  irregularly  set  in  the  jaw, 
and  sometimes  an  extra  tooth  would  appear.  This  probably  gave  rise 
to  the  story  of  skulls  having  been  found  on  this  island  with  doable  rows 
of  teeth.  I  have  ftvqneutly  heard  this  related  of  the  Indians  that  once 
inhabited  this  island  and  the  main-land,  but  after  exbnmingsome  0,000 
skeletons,  daring  eight  or  nine  months'  exploratjons  in  this  portion  of 
California,  I  foiled  to  meet  with  a  single  case  of  the  kind,  nor  have  I 
been  able  to  learn  of  a  well-aathenticated  instance  of  snch  a  find.  Id 
some  instances  the  aknlls  indicated  great  longevity.  The  1x>aes  were 
generally  large,  and  the  markings  of  the  mnscnlar  attachmeots  indi- 
cating a  very  stout  race  of  people. 
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KOTES  ON  THE  HISTORY  AND  CLIMATE  OF  NEW  MEXICO. 


By  Dr.  Tiros.  A.  McPaiius,  SHrgcn,  UnSied  Slate*  Arias. 
(Cciniuunieated  by  Gcnernl  J.  K.  Barnes,  SDrgeoa-QeQeral,  United  States  Arnij'.) 


HISTOST  OF  NEW  MEXICO. 

What  is  DOW  known  as  New  Mexico  bas  bad  a  varied  history.  First, 
tbe  Uoroe  of  nomadic  Indians,  perbapa  as  peaceable,  loriog,  and  tracta- 
ble as  those  first  described  by  Oolambas.  Gold  and  silver  aud  tbe  quest 
of  precious  jewels,  like  tbe  Golden  Fleece,  brought  over  the  Spaniards, 
and  with  them  Mother  Cbarch.  In  15^10  Francisco  Yasquez  Coron- 
adocame  to  tbe  country  with  an  expedition.  He  found  some  of  tbe 
Indians  nomadic,  and  others  living  in  settlements,  and  among  them  he 
describes  Cicay6,  extending  along  the  river  for  six  miles,  and  the  soil 
cultivated  by  the  Indiaos,  from  the  mountains  as  fur  west  as  tbe  present 
toffu  of  Agna  Fria.  This  pneblo  and  cultivated  valley  correspond  with 
nhat  was  afterward  named  after  the  patron  saint,  Sau  Francisco  de 
Asis  de  Santa  F^.  As  it  is  at  least  four  hundred  years  old  as  a  town, 
(bov  much  older  it  may  be  there  are  no  means  of  determining,)  it  is 
mncb  older  than  Sao  Augustine,  Fla.,  founded  in  li)6o,  or  any  other 
toiTQ  on  this  continent. 

In  1546,  during  the  empire  of  Charles  V,  it  was  determined  to  eucour- 
age  tbe  settlement  of  the  Indians  in  towns  in  order  to  protect  the  Pn- 
eblo Indians.  New  Mexican  Pueblo  traditions  accredit  Montezuma  witb 
having  gone  sont^fa  from  this  Territory,  and  with  his  people  the  substan- 
tial evidences  of  gold  and  precious  minerals  gave  the  Mexicans  and 
tbeir  conquerors,  under  Cortez,  tbe  information  that  their  gold  came 
from  the  north,  and  with  precious  minerals  existed  here  in  great  quan- 
tities. 

The  Indians  were  compelled  by  the  Spiiniiirds  of  this  country  to  dig 
the  mines  in  all  parts  of  tbe  Territory,  to  carry  water,  and  pack  ores  and 
fuel  on  their  bocks  to  tbe  furnaces ;  and  in  consequence,  after  tbe  rebel- 
bon  in  1680,  when  they  drove  tbe  Spaniards  oat,  they  Qlled  up  and  care- 
fully concealed  all  evidences  and  traces  of  tbe  mines  tbey  had  worked 
80  snccessfnlly.  When  in  1704  the  Spaniards  revisited  New  Mexico, 
tbe  Pueblos  entered  into  a  compromise  "  by  which  tbe  Spaniards  were 
permitted  to  return,  bat  with  the  positive  and  express  condition  that 
they  shonld  not  open  tbe  mines  or  prosecute  mining  as  a  pursuit." 

Beuce  it  is  probable  that  the  richest  mines  in  this  country  are  yet  to 
be  discovered ;  and  it  is  certain  that  but  for  tbe  scarcity  of  water  very 
many  now  known,  but  only  imperfectly  worketl,  would  be  very  pro<luct- 
ire.    The  records  of  the  ancient  mine  near  A  biquiu,  derived  from  aw 
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old  cbarcb  Dear  by,  sbotv  tbat  10  per  cent,  in  titbes  collected  from  it 
amoniited  to  $10,000,000.  So  miniDg  of  auy  extent  bas  t>eeD  pruaecated 
JD  Ibis  mine  since  1680.  Qold,  silver,  and  coal  aod  tarqnoiae  are  fooiid 
nenr  Sauta  F^ ;  and  from  this  conatry  an  nnusaally  large  and  valnable 
tnrquoise  was  sent  to  tbe  Binperor. 

Pedro  de  Beralto  was  governor  in  1600;  in  IGIO  General  Arguello 
wa3  governor  and  captain-general,  resident  at  Santa  F6  as  tbe  capital ; 
General  Coocba,  iu  1650;  Henriqne  de  Abila  y  Pacbeco,  In  1656;  Jaan 
Francisco  Junto,  in  1675;  Antonio  de  Otermln,  in  lesO-tiS. 

Tbe  Indians  rebelled  first  in  1583  and  again  in  1680,  and  on  tbe  night 
of  tbe  20th  Augnst,  1680,  Otermin  evacuated  tbe  place  and  marcbed 
to  El  Paso,  arriving  there  October  1. 

In  1681  tbe  viceroy  at  Mexico  dispatched  General  Otermin  from  El 
Paso  with  an  army  to  recaptnre  the  capital ;  bat  after  reaching  La  Ba- 
jada,  21  miles  fh>m  Santa  P€,  he  gave  np  the  f  nterprise,  finding  the 
Pnebloa  concentrated  to  resist  him.  In  1002  the  viceroy  commisBioned 
Diego  de  Vargas  Zapata  Lqjan  Ponce  de  Leon  as  governor  and  captain- 
general  of  New  Uexico,  who  fought  and  overcame  the  Pueblos  Septem- 
ber 13  of  that  yenr  and  entered  into  Santa  F6.  After  tbe  re-establish- 
ment of  Spanish  supremacy  be  returned  to  EI  Pafo,  reaching  there  De- 
cember 20, 1692,  and  returned  December  16, 1693,  to  Santa  F4,  where  bi» 
occupation  and  re-entry  was  disputed,  and  a  battle  was  fought  on  Cbrist- 
mna-day.  Tbe  next  day  be  took  formal  possession  of  Santa  ¥6,  in  tbe 
name  of  King  Charles  II. 

After  tbe  reconqnest  by  the  Spaniards,  the  Pueblos  (twelve  towns 
on  the  Bio  Grande  or  in  the  vicinity)  made  their  submission  and  were 
subject  until  1837,  when  they  ret>elled,  on  account  of  a  tax  on  tobacco 
and  other  articles  laid  by  Governor  Albino  Perez.  After  fighting  a 
battle  with  the  Pueblos  at  Santa  Cruz  de  la  Canada,  he  was  beaten, 
returned  to  the  suburbs  of  Santa  F6,  where  be  was  overtaken  and  as- 
sassinated, August  9,  1837. 

In  1838,  Manuel  Armyo  was  recognized  as  governor,  and  continued 
so  until  the  capital  was  taken  possession  of,  in  the  name  of  the  CTnited 
States,  by  General  Stephen  W.  J.  Kearney,  TJ.  S.  A.,  August  18, 1846. 
General  Kearney  occupied  tbe  palace,  a  building  now  in  existence,  and 
which  was  erected  previous  to  the  year  1581 ,  being  built  then  of  mate- 
rial of  the  old  ludian  town,  (Cicuy^,)  Since  his  time  it  has  been  occu- 
pied successively  by  Ool.  John  M.  Washington,  Col.  John  Monroe  and 
Col.  E.  V.  Sumner,  as  military  governors,  until  March,  1851,  when  theex- 
istiog  territorial  governmeut  was  initiated. 

The  office  of  the  Secretary  of  State  contains  several  extended  docu- 
ments, in  Spanish,  upon  tbe  history  of  the  conquest,  occupntion  and 
recooquest  of  the  country.  From  these  and  the  works  written  upon 
New  Mexico  by  Mr.  Elias  Brevoort,  Gov,  W.  F.  N.  Amy,  Mr.  D.  J. 
Miller,  and  General  Davis,  the  student  may  find  ample  material  foi 
interesting  inquiry. 
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CLIHATOLOOT. 

Formerly  a  joaroey  across  the  plaiDS,  a  distance  of  700  miles  from 
tbe  frontier  of  Missottri,  reqalriog  a  life  iu  the  open  air,  traTeling  with 
»  wagoo-traiD,  amid  hostile  Indians,  from  May  to  Jaly,  was  necessary 
to  nach  Santa  F4.  Many  pulmoDary  ioralids  came  out,  living  on  game 
aud  boffiUo-meat,  gradually  ascending  day  by  day  to  the  level  of  S,000  feet 
in  the  Bocky  MountaiDS.  They  were  undonbtedly  in  the  great  mcyority 
of  cases  beoeflted,  while  many  recovered  from  threatened  oonanrnption. 

Two  railroads  now  have  advanced  to  witbin  220  miles  of  Santa  F6,  at 
Bl  Moro,  Dear  Trinidad,  and  it  is  expected  tbut  by  May  1, 1877,  tbe  Den- 
ver and  Rio  Qrande  Hnilroad  will  be  completed  to  Fort  Uarland,  lOQ 
miles  from  Saota  P^.  The  line  of  daily  stages  now  runs  from  Santa  Fd 
to  £1  Moro  iu  3C  bonrs. 

Kow  the  traveler  passes  over  tbe  plains  on  tbe  railroad,  aud  at  onco 
begins  traversing  the  Raton  Moaotain  chain  and  then  tbe  spars  of  tbe 
Bocky  Mountains.  Tbe  old-fosbtoned  trip  across  the  plains  is  deprived 
of  many  advantages  to  tbe  invalid  above  mentioned ;  althoagh  in  some 
cases  it  is  {especially  to  tbe  timid  valetadinarian)  compensated  by  an 
earlier  and  more  comfortable  transit 

The  altitude  of  Las  Animas,  (Fort  Lyon,)  4,000  feet,  and  of  Trinidad, 
S,D0O  feet  above  tbe  sea,  has  been  quite  beneficial  to  soch  as  require  a 
p«daal  approach  to  a  higher  level. 

They  are  accessible  by  railroad,  and  comfortable  accommodations  are 
to  be  had  at  both  places. 

After  reaching  Fort  Garland,  nearly  8,000  feet  above  the  sen,  or 
Santa  F6,  6,846  feet,  any  less  degree  of  elevation  can  be  obtained  by 
going  southward  down  tbe  valley  of  tbe  Rio  Grande  toward  El  Paso, 
3,600  feet  of  altitude;  and  at  every  step  southward  a  milder  summer 
climate  will  be  found. 

A  portion  of  New  Mexico,  the  Mesilla  Valley,  acquired  in  1818  under 
the  Qadaden  treaty,  has  of  late  years  developed  features  of  nuusuol 
ioterest  on  account  of  its  mines,  miuerols,  pasturage,  fertility  and 
clioiate.  It  is  between  tbe  thiriy-ibird  and  thirty-first  aud  a  half  par- 
allels of  latitude,  is  about  70  miles  loug,  from  1  to  6  miles  wide,  ami 
contains  atwnn  ii$0  square  miles ;  embracing  the  towns  of  Dona  Ann, 
(population  1,000,)  Las  Oruces,  (2,000,)  Mesilla,  (2,000,)  and  others  of  less 
size. 

The  air  is  mild,  snow  buiag  very  rarely  seen,  with  a  bright  daily  sun- 
Bbine  in  abont  3Ct>  days  of  the  year.  Vegetation  dries  rather  than  rots ; 
meat  is  cored  without  salt  in  the  opeu  air ;  aud  it  presents  to  the  iuva- 
!id  tbe  advantages  of  a  very  moderate  altitude,  varying  from  about 
4,000  feet  near  the  RioUraude  to  about  7,000  feet  iu  tbe  high  cattle-rauges 
of  the  Unudaloupe  and  other  mouutaino.  The  valley  is  protf'Cted  by 
the  mountains  from  tbe  cold  winds  prevailing  ftt>m  the  north. 

I  know  of  one  asthmatic  patient  wbo  abandoned  the  Pacific  const  (o 
join  a  friend  in  Mesilla,  who,  similarly  affected  in  every  other  locality. 


3i4       NOTES  OK  HI8T0EY  AND  CLIMATE  OP  NEW  MEXICO. 

bad  wanted  him  to  joio  him.  Hia  friend  bad  secorcd  the  deured 
climntic  relief  and  taken  np  bis  residence  there. 

The  dryness  of  tbo  air  in  tbe  Lower  Rio  Oraiide  and  MesilVi  I  bnvc 
no  doubt  is  not  exaggerated.  During  the  past  year  I  bad  oocasiou  to 
see  tbe  Iwdyof  an  individual  who  died  ou  tbe  southern  plains  (of  starva- 
tion, it  is  said)  several  (perhaps  seven)  years  ago.  The  body  was  found 
some  time  after  death,  and  bad  lieen  buried  near  Fort  Craig.  It  was 
disinterred  for  removal  to  tbe  national  cemetery  here  in  IST.'i,  and  pre- 
sented a  remarkable  preservation  by  desiccation.  Tbe  process  it  had 
undergone  was  what  I  wonid  term  mnmmiflcation,  and  reminded  me 
of  the  accounts  of  what  occnrs  to  the  bodies  of  the  dead  when  aban- 
doned in  the  deserts  of  Lybin  or  Arabia. 

Tbe  Mesllla  Valley  is  said  to  produce  a  fine  variety  of  grape,  witb 
juices  heavier  than  from  tbe  grapes  of  Madeira  and  Portugal,  as  the 
grapes  remain  on  the  vine  until  they  commence  to  dry  betijre  being 
pressed ;  and  the  wort  contaius  as  much  sugar  as  the  sweetest  of  Mal- 
aga, (Brevoort.)  When  dried,  they  make  a  good  raisin.  The  almond- 
tree,  peach,  apple,  pear,  quince,  apricot,  are  raised  ther?,  and  all  kinds 
of  gardeD-plnots;  and  probably  g-.ime  is  as  abundant  as  elsewhere  in 
the  country. 

Mesilla  may,  I  think,  be  considered  a  very  favorable  locality  for  put' 
nionary  invalids.  Tbe  trip  across  tbe  plains  and  to  New  Mexico  may 
be  contrasted  and  compared  with  interest  to  tbe  invalid  with  that  which 
might  be  experienced  in  old  Mexico.  The  journey  from  Vera  Cruz  to 
Mexico  is  made  by  rail  in  fifteen  bourn.  The  ascent  is  7,459  feet,  [to 
tbe  highest  point  on  the  road  8,318  feet,)  and  is  made  in  ten  hours. 
"  Many  travelers,  though  in  health,  (says  I'rof.  E.  R.  Peaslee,)  experi- 
ence a  decided  dyspntea  on  reaching  these  altitudes,  especially  in  mak- 
ing any  considerable  exertion,  on  accoaiit  of  tbe  rarefaction  of  the 
atmosphere,  though  no  amount  of  effort  produces  much  sensible  per- 
spiralicn.  Tbe  coosequeuces  in  cases  of  pulmonary  emphysema  or 
asthma  dependent  upon  eardinc  affections  are,  as  might  be  esiteclcd, 
not  favorable.  Asthma  det'ending  on  derangement  of  the  stomach, 
however,  is  sometimes  cnred.  Uhrouio  bronchitis  also  is  not  likely  to 
l>e  relioved  at  this  altitude,  combined  with  the  dampness  I  have  men- 
tioned.* 

But  nil  these  are  alleviated  by  a  residence  at  a  lower  altitude,  the 
point  suitable  for  such  cases  being  found  at  Vera  Ornz  or  between  that 
city  and  the  altitude  of  Cordova  or  Orizaba,  *.  e.  2,700  to  4,000  feet. 
(New  York  Medical  Record,  No.  286,  April  29, 1870,  p.  291.) 

Tbe  situation  of  the  Mexican  peninsula  between  the  Atlantic  and  Pn- 
ctfic  Oceans,  and  tbe  nearness  of  all  its  cities  to  one  or  other  ocean,  m 
very  different,  however,  from  that  of  tbeiuland  nature  of  New  Mexico ; 

*  Tlw  pniBeDt  city  of  Mexico  was  built  apon  groandB  formerlr  oavetvd  by  Lake 
Tezcoco,  aod  into  wbicb  it  is  drained.    (See  Kow  Yuilc  Hedictl  Kecocd,  April  27,  Wi 
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and  osp<,-di)lly  in  tbo  dryopss  of  tbe  atmospbcre  of  oor  continent  is  tlie 
j>atJCDt  interested. 

With  all  the  dam[>DC8s  foand  fit  the  city  of  Mexico,  it  is  stPted  by  Dr. 
Peaslec  that  "Phthisis  is  not  indigenous  in  thntcity,  and  it  is  not  set- 
doiD  arrested  in  those  who  come  here  from  tbe  north.  A  member  of  the 
3Iesic!in  Coogress  nssared  me  that  the  natives  do  not  die  of  phthisis, 
and  that  tbe  lives  of  phthisical  patients  from  the  north  are  nsnally  much 
prolonged  by  a  permanent  TL'stdence  here."  {Ibid.,  p.  291.)  He  thinks, 
however,  it  presents  no  special  advantage  to  phthisical  or  brouchitie 
patients,  and  be  cannot  recommend  it  to  such  as  a  winter  residence. 

Bat  there  are  other  places  of  lower  altitudo  In  this  country  (Mesico) 
which  he  believes  to  be  fully  equal,  and  in  some  respects  oven  superior, 
to  any  of  the  famons  resorts  abroad,  mentioning '-Cordova  (altitude 
^,715  feet)  and  Orizabu,  (4,030  feet.)  both  presenting  a  tropical  climote 
atid  all  its  productions  and  the  most  grand  and  picturesque  scenery. 
Cordova  has,  moreover,  sometimes  been  visited  by  yellow  fever.  Jalapa 
also,  now  accessible  by  railroad,  is  doubtless  equal  to  either  of  these 
places  as  a  sanitarium  for  this  class  ofpntients,  and  as  a  residence  is  one 
of  the  most  beautiful  places  ou  earth.  Its  great  humidify  may,  however, 
render  it  unsuitable  to  some  cases,  and  the  sudden  chill  of  tbe  northers 
mnst  also  be  guarded  against  in  these  places.  But  Cuernavaca,  60 
miles  south  of  ifexico  and  not  accessible  by  railroad,  has  nn  altitude  of 
.'J,42S  feet,  and  the  same  climate  and  productions  as  Orizaba,  and  is  far 
more  desirable.  In  addition  to  these,  Tetecala,  not  fur  from  Cuerna- 
vaca; Atlisco,  23  miles  from  Fuebia,  and  Monterey,  are  mentioned  by 
Dr.  Peaslee,  though  the  latter  is  only  accessible  by  a  tedious  journey  by 
diligence." 

It  may  be  interesting  to  compare  with  the  climate  of  Mexico  that  of 
Colorado,  Utah,  New  Mexico,  and  Texas.  Whatever  mny  be  lostof  tbe 
tropical  air  and  productions  as  wo  go  northward  from  Mexico  may  be 
more  than  made  np  by  the  dryness  of  the  atmosphere,  a  short  wet  sea- 
son, and  diminished  raiu-fall. 

Id  some  localities  dust-storms  are  sufficiently  prevalent  to  be  prejudi- 
cial, on  account  of  the  irritation  they  occasion  to  the  Dirpnssages.  In 
Texas  (Ac  heat  of  summer  is  extreme,  and  the  sudden  vicissitudes  of  tem- 
perature and  moisture  and  extreme  chill  produced  by  northers  are 
worse,  perhaps,  than  in  Mexico.  In  Utah  (see  Beport  of  Surgeon  E.  P. 
VoUom,  Circular  No.  8,  Surgeon-Qeneral's  Office,  May  1, 1975,  p.  343)  the 
hamidity  is  marked  In  the  spring  months,  arising  from  the  winds  passing 
over  Qreat  Salt  Lake  from  tbe  northward,  bringing  the  watery  vnpors 
not  only  from  that  great  body  of  water,  but  also  ftom  tbe  regions  beyond, 
supplied  by  the  southwesterly  cnrrents  that  are  seen  to  pass  over  at  a 
great  altitnde  most  of  the  winter  long.  This  statement  is  (rue  as  to 
the  climate  of  Camp  Douglas,  2^  miles  east  of  Salt  Lake  City,  nud  ataa 
altitnde  of  4,904  feet  above  the  sea. 

"Great  Salt  Lake,  with  a  shoreline,  exclusive  of  offsets,  of  201  mites, 
is  vast  enough  to  fnruisb  a  horizon  in  places  like  the  oceau  itselL^'MC 
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Id  Dr.  Yollnm's  special  report  on  the  diseases  of  Utah,  {ibid.,  pp.  341- 
343,)  be  regf^rds  tbo  altitude  and  climate  of  Utah  on  phthisis  ns  favor- 
able. •  •  "If  a  case  cornea  here  in  the  iDcipient  stage,  and  is  well 
sitaatcd  for  comforts,  that  it  will  get  well  spontaneoasly  from  thu  bene- 
ficial effects  of  this  altitude  and  the  inland  dry  character  of  the  atmos- 
phere. It  is  the  boast  of  the  people  that  this  is  not  a  consumptive  coqd- 
try,  which  is  my  opinion  decidedly.  On  the  other  hand,  it  is  believed 
that  if  a  patient  comes  here  in  the  later  stages  of  the  disease,  that  ttie 
atmosphere  is  too  rare  to  give  the  proper  support,  and  that  the  case  will 
be  hastened  to  a  terminatiOQ  more  speedily  than  on  the  sea-coast.  *  * 
The  beneficialinfluenceof  this  climate  on  asthma  is  decided  and  deserves 
a  profflinenf  mention.  It  is  also  the  boast  of  the  people,  aa  well  as  the 
physicians,  that  asthma  cannot  exist  here,  excepting  under  a  relieved 
and  modified  condition;  which  I  think  is  the  case." 

Very  many  invalids  are  attracted  aonnally  to  the  mineral- waters  of 
Manitou,  Colorado,  (6,370  feet  above  the  sea-level,  and  8,000  below  the 
summit  of  Pike's  Peak,}  where  there  are  several  springs  containing  car- 
bonic acid  and  carbonate  of  soda,  (as  the  Navajoe,  Manitou,  and  Ctc 
soda ;)  purging  carbonated  soda-waters,  modified  by  the  presence  of  sol- 
phate  of  soda  and  potash,  as  the  "Little  Chief  and  "  Shoshone;"  and  fer- 
mginons  carbonated  soda-waters  containing  carbonate  of  iron,  as  in  the 
"Iron  Ute''and  the  "Little Chief" mineral  springs. 

In  a  memoir  (Saint  Lonis,  1875)  on  the  climate  of  this  region,  by  S. 
Edwin  Solly,  M.  B-  C.  S.,  (late  house  surgeon  to  St.  Thomas  Hos- 
pital, London,)  reference  is  made  to  the  decrease  of  pressure  in  n  rarefied 
atmosphere,  causing  a  diminution  of  the  gases  of  the  blood  and  lymph, 
and  this  probably  checks  the  advance  of  phthisis,  aa  uuqaesUonably 
beneficial  in  certain  cases.  In  phthisis,  where  the  weakness  is  not  ex- 
cessive but  there  is  anaemia  and  want  of  assimilation,  a  high  elevation 
with  a  moderate  supply  of  stimulants  and  a  course  of  cold  douches  is 
generally  beneficial.  The  greater  dryness  of  mount'iin  air  acts  bene- 
ficially on  phthisis,  probably  for  tho  most  part  in  the  manner  indicated 
by  Dr.  Herman  Weber :  "  We  may  here  mention  that  although  the  loss 
of  moistare  to  the  whole  organism  may  not  be  greater  in  high  than  hi' 
low  elevations,  yet  the  acknowledged  greater  loss  through  the  lungi  may 
be  accompanied  by  local  effects  in  certain  morbid  conditions  of  the  res- 
piratory organs,  as  well  as  by  producing  a  more  active  circulation  in  the 
lungs  in  order  to  supply  the  required  moisture,  as  also  by  favoring  a 
kind  ot  drying  up  of  turface,  secretiug  a  morbid  amount  of  mnoos  and 
pas,  and  also  of  moist  ezndatious  within  the  tissue.  Possibly  the  im- 
provement in  many  cases  of  chronic  catarrhal  pneumonia  may  be  pro- 
duced by  this  inoreosed  afflaz  of  blood  and  increased  loss  of  moistaie.'' 

"  Very  highly  situated  places  are  adapted  for  winter  treatment  (of 
phthisis)  on  acconnt  of  the  greater  namber  of  clear  days."  (Brann.) 
And  for  another  reason  they  are  specially  desirable  in  the  winter;  be- 
cause in  high  elevations  there  is  less  moistare  daring  the  winter  than  at 
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any  other  season  of  the  y«ar,  nad  therefore  the  air  being  dry,  the  greater 
aotaal  oold  than  in  lower  climates  is  felt  less  severely,  and  if  the  body 
is  irarmly  clad  the  lownessof  the  temperatore  exerts  only  its  tonic  infla- 
ence.  The  air  being  rarefied,  the  son  has  a  mnoli  greater  jnSoeDce,  be- 
ing more  constantly  visible  id  moantainoas  districts,  and  enables  the 
oifeeUed  invalid  to  spend  sevend  hours  almost  daily  in  tbo  sanshioe 
with  very  great  advantage.  (Page  32,  "  MDniton,  Colorado,  U.  S.  A.; 
its  mtneral-watere  and  climate."  Saint  Louis,  J.  UcKittrick  &  Co., 
1875.) 

Dr.  Solly  refers  to  the  fact  that  oxygen  is  essential  to  procure  change 
of  snbstance,  nnd  as  it  diminishes  in  proportion  to  the  etevalion  above 
sea-level,  it  might  be  supposed  tbat  healthy  change  of  substance  would 
be  retarded  in  mountain  nir ;  "  but  this,'*  he  adds,  "  is  practically  found 
to  be  otherwise,  and  the  reason  doubtless  is  tbat,  as  only  aboat  25  per 
eentof  oxygen  is  on  on  average  nsed  in  respirattou,  there  is  probably 
more  than  safflcient  oxygen  at  any  height  that  has  as  yet  been  attained 
by  mau." 

The  discussion  as  to  the  gases  of  the  blood,  their  ratio  to  other  con- 
Mitnents,  condition  of  the  oxygen  as  free,  mechanically  dissolved  there- 
in, or  chemically  combined,  or  both,  I  have  no  disposition  to  continue; 
bat  in  so  for  as  atmospberio  preasDie  nay  be  considered  an  important 
canse  of  variation,  we  hare  the  statement  of  Lehman  (Physiological 
Oheroistry,  vo).  1,  p.  572)  tbat  "  Liebig  is  certainly  in  the  right  when 
be  advances  the  proposition  that '  a  gas  can  only  be  c<Hisidered  as  me- 
chanically absorbed  when  its  quantity  increases  and  diminishes  in  pro- 
portion to  the  external  pressure.'"  We  think  we  ore  justified  in  couclnd- 
ing  with  Liebig  tbat  the  qoautity  of  oxygen  which  may  be  absorbed  by 
tiie  blood  is  constant  in  amount,  and,  to  a  certain  extent,  independent 
of  external  pressure — an  opinion  which  is  based  partly  on  tbe  fact  that 
the  respiratory  process  is  carried  on  nearly  the  same,  both  at  very  great 
beights  and  at  the  level  of  the  sea ;  and  that  no  more  oxygen  is  absorbed, 
ewH  in  an  air  very  rich  in  oxygen,  than  in  the  ordinary  atmosphere."  A 
certain  amoont  of  mechanical  difQonlty,  labored  respiration,  oo  ascend- 
ing heights  rapidly  is  generally  experienced.  At  tbe  same  time,  tbe 
vei;  great  strain  put  upon  tbe  muscles  of  locomotion  causes  pain  in  the 
timbs.  We  have  no  reason  to  expect  the  muscles  of  respiration  to  bear 
ondoe  exercise  and  strain  without  fatigue,  and  it  very  probably  contrib- 
otes  largely  to  what  is  known  as  dyspncea,  which  is  ex|>erienced  as 
severely  after  rapid  rnnning  any  distance  npon  a  plain.  The  question 
might  be  asked  to  what  extent  a  diminished  atmospheric  pressure  might 
facilitate  the  escape  of  carbonic  acid  from  the  luugs  t  May  it  not  be  Cor 
■Dore  important  to  free  the  blood  rapidly  of  its  carbonic  acid,  which  is 
poisonona,  than  to  inhale  and  accnmnlate  oxygen  in  excess  of  the  need 
of  the  system  and  the  chemical  capacity  of  the  blood  to  utilize  t 

The  extent  to  which  diminished  pressure  aloue  may  affect  respiration 
eao  best  be  determined  by  the  aJ^ronaut,  who  reaches  a  height  without 
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physical  fotjgne.  He  does  so,  however,  at  a  very  riq>i(l  rate,  and  a 
qaickenetl  respiration  is  the  resale  DyspnoBa  f  besoin  de  respirer)  results 
jrom  any  change  of  accastomed  relations  between  the  longs  and  the  air 
to  be  respired.  It  occnrs  in  pregnancy;  (in  dropsical  accomnlatiffiiE, 
abdominal  or  thoracic,  which  obstnict  the  expansion  of  the  chest  and 
Innga,  and  limit  the  free  play  of  the  muscles  of  respimtion  and  fatigue 
them.)  Eaiotional  disturbances,  nerrons  perturbations,  and  mental  anx- 
iety caose  it,  as  well  as  any  andae  physical  labor  or  nnwonted  exeitioD. 

That  the  respiration  of  an  atmosphere  of  8,000  feet  above  sea-level 
need  not  necessarily  involve  dyspncea  in  an  individnal,  I  know  from  per- 
sonal experience.  I  visited  this  conntry,  ascending  8,000  feet,  in  1819, 
and  lived  at  an  elevation  of  betweeo  6,70U  and  7,000  feet  for  three  years. 
Again,  in  the  past  year  (1875)  I  revisited  New  Mexico,  aud  I  have  never 
detected  in  myself  any  disturbance  of  respiratioD  as  the  effect  of  this 
altitude — not  evcD  a  qaickeoed  re^tiation.  I  am  not  unmindful  of  the 
£act,  however,  that  another  persoo  may  have  a  different  experience,  bot 
it  may,  perhaps,  be  attribatable  to  other  caoses  than  altitude,  or  as  com- 
bined with  it. 

The  amount  of  oxygen  present  available  for  respiroUoo  may  be  in  some 
degree  dependent  apon  the  stagnation  m  relative  movement  of  the  air. 
A  moveless  atmosphere  becomes  very  oppressive,  and  perhaps  is  most 
prevalent  in  low  countries.  The  movement  of  the  air  is,  as  a  rule, 
greater  in  the  mountains  and  high  attitudes  generally.  I  iavit«  atteo- 
tion  in  this  conDection  to  the  Chief  Signal-Officer's  remarks  for  October, 
1874,  (page  285,  repori;  for  1875 ;}  "  The  extreme  maximam  movements 
of  the  wind  have  been,  at  Breckenridge,  7,G50  miles ;  at  Cape  Henry, 
9,147 ;  Cape  May,  6,907 ;  Cleveland,  7,2S1 ;  Escanaba,  Mich.,  7,211 ; 
Loog  Braoch,  9,243;  Pike's  Peak,  14,734;  Sandy  Hook,  10,917.  The 
extreme  minimum  movements  have  been,  at  Memphis,  1,700,  and  at 
Shreveport,  1,886.  The  calm  area  is  therefore  coterminoos  with  that  of 
high  pressure." 

That  high  temperature  produces  oppression  in  breathing  is  evidenced 
in  the  East  Indies  both  in  tjie  periods  of  calm  and  during  the  prevalenceol 
the  hot  winds,  especially  when,  as  happens  in  midsummer,  the  thermome- 
ter reads  higher  at  night  thui  in  the  day-time.  At  Nowshera,  in  1SG7,  the 
condition  of  the  troops  is  described  as  "  gasping  for  breath.  There  was 
a  pecaliar  feeling  of  weight  on  the  chest,  even  in  tbeapparentiy  healtby; 
and  after  every  20  inspirations,  or  thereabout,  a  strong  aod  convul^ve 
effort  was  necessary  to  inflate  the  Inngs.  •  •  •  When  the  canse, 
viz.,  prolonged  bigh  temperatnre,  was  removed,  an  almost  instantaneons 
return  to  health  (in  cases  of  insolation)  was  the  result"  (British  Army 
Med.  I>ept.  Report  for  1868,  Appendix  No.  X,  pp.  29G,  297,  by  Asst. 
Sarg.  Staples,  19th  Regt.) 

"  In  the  same  way  that  we  cannot  endure  either  constant  dryness  or 
dampness,  so  we  cannot  endure  a  very  constant  state  of  the  barometer 
wiUioat  suffering  in  our  breathing  or  nerves.    Id  fact,  there  is  tittle 
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doabt  Miat  rapid  rbanges  of  the  barometer  are  more  favorable  for  tbe 
more  important  fanctioDS  of  life  than  its  r«laIivo  stabiliry ;  itud  this 
probably  explaios  in  a  measnre  the  value  of  both  moDntain  and  sea  air." 
It  also  explains  tbe  benefit  experienced  frequently  by  confirmed  Invalids 
in  a  change  from  inland  to  sea-shore,  or  from  moantain  to  eea-level,  or 

Dr.  Hollaod,  in  his  "Medical  Notes  and  lieflectiouR,"  expresses  the 
opinion  "  that  tbe  action  of  different  degrees  of  atmospheric  pressure  in 
disturbing  the  bodily  functions  and  general  health  is  rather  derived  from 
Ibe  frequency  of  doctaation  than  from  any  state  long  continued  either 
above  or  below  the  average  standard ;  that  of  tbe  ttco  conditions,  sud- 
denly incurred,  the  human  frame  iabetler  capable  of  withatanding  a  rarefied 
than  a  condensed  atmosphere;  and  that,  in  either  case,  the  previons 
health  aud  proneness  to  disorder  in  particular  organs  are  grcally  con- 
cerned iu  determining  tbe  reealta  on  tbe  body." 

Be  supports  some  of  these  views  from  the  fact  tbut  "  there  are  in- 
habited places  in  America,  such  as  the  totru  of  Potosi,  at  an  elevation 
of  more  than  13,000  feet,  the  inhabittiuts  of  which  seem  to  bnve  tolerable 
healih."  (Medical  Times  and  Gazette,  London,  September  0,  ISTO,  p. 
299.) 

At  all  elevated  places  the  diarnal  variations,  barometric  and  ther- 
mometric,  are  sufficiently  great  to  meet  tbe  demands  of  the  economy  for 
cbansie,  aud  these  are  augmented  agreeably,  aud  changed  again,  with 
the  months  and  seasons  as  they  come.  At  the  same  time  tbe  extremes 
of  temperature  are  not  experienced  in  high  as  in  low  altitudes ;  cer- 
tainly the  mountains  are  devoid  of  the  intense  heat  of  other  more  northeru 
bat  lower  localities. 

Tbe  annual  range  of  the  thermometer  at  some  places  otherwise 
favorable  becomes  too  excessive  to  be  compatible  with  health  in  weak 
coostitntions.  At  some  low  places  the  long  continuance  of  summer- 
heat  debilitates  so  greatly  that  months  pass  before  normal  vigor  is 
regained.  Extreme  heat  of  long  contiunance  involves  even  fatal  pros- 
tration iu  a  very  few  hours  when  the  action  of  the  skin  is  suspended, 
(insolation ;)  and  this  may  occur  iu  localities  where,  in  n.  few  months;, 
an  almost  Arctic  rigor  is  experienced.  We  fail  to  find  in  the  mountains 
such  experiences  or  such  reaults;  on  the  contrary,  the  air  is  invigorat- 
iag  and  bracing  at  all  seasons  under  conditions  that  prevail  elsewhere, 
aod  not  involving  extreme  exposure. 

The  contrast  is  particularly  noticeable  in  India  between  the  low  plains 
and  the  hill  stations. 

We  find  the  Savoyard,  the  Swiss,  and  tbe  residents  of  mountains 
generally,  of  our  time,  as  hardy  as  the  mountaineers  of  history.  They 
do  not  degenerate  at  home,  nor  until  they  migrate  to  the  lowlands. 
The  inhabitants  of  Georgia,  Gircassia,  and  Cashmere,  and  the  hill  tribes 
of  India  are  a  superior  race.  Tbe  Arabs  and  Abysaiuians  on  the  elevated 
lands  of  tbe  desert  and  on  tbe  sides  of  the  moautains  from  which  the 
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Nile  desceads  present  a  striking  saperiority  over  tlie  people  of  lower 
Egypt.  Their  fiery  life,  love  of  liberty,  lutd  voriike  genina  place  tbem 
immeasorably  above  the  "  Fellahs."  The  recent  war  against  the  Abys- 
sinians  has  demonstrated  anew  the  vigor  and  v&lor  of  their  race. 

The  bnman  race  has  not  only  degenerated  by  dwelling  in  low,  od- 
bealthy  places,  but  it  is  again  and  again  decimated  by  tbo  pestilences 
generated  in  them.  In  the  language  of  Dr.  Farr,  "  it  is  destroyed  now 
l)eiiodically  by  five  pestilences — cholera,  remittent  fever,  yellow  fever, 
glandular  plagae,  and  infiaeoza.  The  origin  or  chief  seat  of  the  first  is 
the  Delta  of  the  Ganges.  Of  the  second,  the  African  and  other  tropical 
coasts.  Of  the  third,  the  low  west  coast  aronikl  the  Gnlf  of  Mexico,  or 
the  Delta  of  the  Mississippi,  and  the  West  India  Islands.  Of  the  toaxtb, 
the  Delta  of  the  !Nile  and  the  low  sea-^de  of  cities  of  the  Mediterranean. 
Of  the  generating  field  of  infinenza  nothing  certain  is  known;  but 
*  ■  *  the  fonr  great  pestilential  diseases— oholera,  yellow  fiBver,  re- 
mittent fever,  and  plague — have  this  property  in  oommon:  that  they 
begin  and  are  most  fatal  in  low  groanda;  that  their  fatality  diminiabes 
in  ascending  the  rivers  and  is  inconsiderable  aroaud  the  river  sources, 
except  under  such  peculiar  circumstances  as  are  met  with  at  ErzerooD, 
vrhere  the  features  of  a  marshy  sea-side  city  are  seen  at  the  foot  ot 
the  moantain  chain  of  Ararat.    Safety  is  fonnd  in  flight  to  the  hills." 

In  treating  upon  the  "  salubrity  of  high  places,"  he  refers  to  the  iofla- 
fnce  of  locality  on  race,  of  the  sanitary  instinct,  the  effect  <^  the  high 
land,  and  the  sight  of  tbe  hills  on  the  energies  of  the  sick,  tbo  longevity 
of  the  inhabitants  of  various  places,  the  effect  of  healthy  phtcee  on  tbe 
breed  of  animals,  the  degeneration  of  race  in  uuhealthy  places,  the  time 
required  to  produce  degeneration  and  degradation  of  race. 

It  is,  perhaps,  well  for  as,  as  individuals,  to  revert  to  such  historic 
facts  as  he  presents  in  terms  of  classic  elegance,  and  it  is,  I  tmst,  cog- 
nate to  the  subject  wo  have  in  hand.  "As  the  power  of  the  Egyptioui 
descended  from  the  Thebaid  to  Memphis,  from  Memphis  to  Sais,  tbey 
gradually  degenerated,  notwithstanding  the  elevation  of  their  tomiB 
above  the  high  waters  of  tbe  Kile,  Uieir  hygienic  laws  and  the  hydro- 
graphical  and  other  sanitary  arrangements  which  made  tbe  country 
renowned,  justly  or  nojnstly,  for  its  salabrity  in  the  days  of  Heroditoa^ 
the  poison  of  the  Delta  in  every  time  of  weakness  and  sncoessfbl  inva- 
sion gradually  gained  the  ascendancy,  and  as  the  cities  declined  the 
canals  and  the  embalmments  of  the  dead  were  neglected,  the  plagne 
gained  ground.  The  people,  subjugated  by  Persians,  Greeks,  Bouaos, 
Turks,  Mamelukes,  became  what  they  have  been  for  oentnriea,  and  what 
they  are  in  the  present  day.  Every  race  that  settled  in  the  I>elta  de- 
generated and  was  only  sustained  by  immigration.  So,  likewise,  the 
populations  oo  the  sites  of  all  the  city-states  of  fuitiqaity,  on  the  coast 
of  Syria,  Asia  Minor,  A&ico,  Italy,  seated  like  the  pec^le  oi  Borne  on 
low  gronnd  under  the  ruin-clad  hills  of  their  Mtceators,  within  teach  of 
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fever  and  plagne,  u«  enerTated  and  debased  apparently  beyond  redeinp' 

tiOD. 

"  The  history  of  the  natiooa  oo  the  Mediterraneaii,  oo  the  plaius  of  the 
Eopbratea  and  the  Tigris,  the  deltas  of  tlie  Indus  and  Ganges,  and  the 
rivers  of  Ohina,  exhibit  this  great  fact :  The  gradual  descent  of  races 
Irom  the  liighlanda,  their  establishment  on  the  coasts  in  cities  sustained 
and  refreshed  for  a  season  by  immigration  from  the  interior,  their  degra- 
dation in  successive  generations  noder  the  inflnence  of  the  anbealtby 
earth,  Hnil  their  final  mio,  effncement,  or  snbjngation  by  new  races  of 
cooqaeroni.  The  causes  that  destroy  individaal  men  lay  cities  waste, 
which,  in  their  nature,  are  immortal,  and  silently  undermine  eternal 
empires. 

"On  the  highlands  men  feel  the  loftiest  emotions.  Every  tradition 
places  their  origin  there.  The  first  nations  worshipped  there.  High  on 
the  Indian  Cancasns,  on  Olympas,  and  on  other  lofty  monotaiDS  the 
Indians  and  the  Oreelis  imagined  the  abodes  of  their  highest  gods,  while 
they  peopled  the  low  undergroond  regions,  the  grave-lnnd  of  mortality', 
witii  infernal  deities.  Their  myths  have  a  deep  signification.  Man  feels 
bis  immortality  in  the  hills."  (Page  xciv,  Report  of  William  Farr, 
esq.,  to  the  Registrar-General  of  Englnnd.  Loudon,  1852. 

Thecllmateof  Kansas,  so  fur  as  my  experience  of  it  may  warrant  an 
opinion— and  I  have  served  there  in  1849, 1857, 1858, 1873, 1874, 1875— 
is  not  favorable  to  pulmonary  invalids.  Tbey  should  go  out  on  the  plains 
and  gradually  work  their  way  to  themoantaios.  S'either  can  Irecommend 
Texas,  unless  it  may  be  the  region  near  San  Antonio,  which  is  said  to  he 
favorable.  San  Antonio  is,  however,  liable  to  choleraic  visitations,  and, 
being  alimestooe  region,  the  fatality  is  extreme.  I  have  seen  pnlmonary 
invalids  visit  New  Orleans  and  very  rapidly  decline,  I  suppose  on  account 
of  the  excessive  humidity. 

Of  Colorado  I  have  no  experience.  It  resembles  the  climate  of  New 
Mexico,  but  is  to  the  north  of  it,  and  may  be  inclement. 

Of  New  Mexico  there  are  certain  features  worthy  of  consideration  by 
invalids  and  their  advisers. 

I.  The  dryness  of  the  atmosphere  associated  with  elevation  above  sea- 
level  to  be  foand  at  any  elevation  desired,  in  localities  ranging  from 
3,600  to  8,000  feet. 

The  dryness  of  all  mountain  regions  is  acknowledged.  The  range 
of  mountains  In  Colorado  has  this  excellence  in  common  with  those  of 
New  Mexico. 

By  reference  to  the  report  of  the  Chief  Signal-OEBeer  of  the  Army  for 
Jaonary,  1875,  it  will  be  perceived  that  the  percentages  of  relative  hu- 
midity for  the  diSerent  districts  average  as  follows :  New  England,  73 
per  cent. ;  Middle  Atlantic  States,  74 ;  South  Atlantic  States,  79 ;  Golf 
States,  82;  Lower  Lake  region,  79;  Upper  Lake  region,  70;  Ohio  Val- 
ley, Tennessee,  and  the  Northwest,  73.  As  usual,  the  mean  relative 
bomidity  has  been  lowest  at  the  Bocky  Monntain  stations,  amonntiog 
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to  .56  at  Denver  and  .51  at  Santa  F£.  Id  the  report  for  Joly,  1874,  p.  371, 
be  remarks:  "Ibe  relative  humidity  has  averaged  on  the  Galf  and 
Sooth  and  East  Atlantic  States  75 ;  S'ew  Jersey  coast^  85 ;  in  the  Lake 
region,  68;  Lower  Mississippi  Valley,  70;  io  the  Teauessee  and  the  Ohio 
and  Dpper  Mississippi  Valleys,  62 ;  in  the  Lower  Missonri  Valley,  58 ;  at 
the  Eocky  Mountain  sCatJoos,  41."  I  extract  from  bis  report  as  of 
interest  the  following  data : 

SUn-A  Ffi,  N.  HEX. 
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He  remarks  for  Juue,  1S75,  as  to  relative  liumidity :  "  This  element 
averages  SO  per  ceat.  for  the  immediate  coast  of  Sew  Jersey  and  fi'etv 
England,  and  75  per  cent  on  the  Soath  Atlantic  coast  Elsevhere,  over 
nearly  the  entire  conntry  east  of  the  western  plains,  the  average  1b  from 
65  to  70  per  cent.  It  is,  as  usnal,  very  low  at  the  Bocky  Mountain 
stations,  being  33  per  cent,  at  Cheyenne,  29  at  Salt  Tj!tke  City,  and  28 
at  Denver." 

The  ntio-fall  in  inches  for  Jane,  1875,  was,  for  Santa  F6, 0.33 ;  for  Den- 
ver, 0.43;  Salt  Lake  City,  0.90 ;  and  the  annual  amoant  of  rain-fall  for 
the  same  places  is  reported  at  16.68, 15.24,  and  20.24,  respectively.  For 
San  Francisco,  Cal.,  it  was  21.54;  for  Galveston,  Tex.,  46.06;  and  for 
Kew  Orleans,  T4.9S  inches. 

KBW  MEXICO. 

The  dryness  of  this  atmosphere  is  proverbial.  The  lands  are  ealti- 
vated  entirely  by  irrigation,  and  have  been  so  for  centuries.  The  tra- 
dition among  the  Fueblo  Indians,  as  given  by  Hosti,  is  that,  the  rain 
falling  less  and  less,  the  people  emigrated  to  the  soathwaid  long  before 
the  Spaniards  arrived  in  the  conntry,  (the  visit  of  Coronodo  was  mode 
abont  1542,)  being  led  by  Mouteznma,  a  powcrfnl  man,  who  was  bora  id 
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Pecos  aud  had  settled  with  tbe  Poeblos  od  the  Bio  SaD  Jnao.  Monteznma 
wat)  to  return  and  lead  tbe  rest  of  tbe  Faeblos  also  to  tbe  BonCh,  bnt  be 
failed  to  come  back,  '  *  This  whole  traditiou  accords  well  with  ao- 
other  held  b^'  tbe  Aztecs,  in  old  Mexico,  when  Cortez  entered  tbe  coaotry 
of  Anahoac,  namely,  that  their  forefathers  cume  (most  probably  at  the 
end  of  Ibo  twelfth  centory)  from  the  north.  (Dr.  Oscar  Loew's  reiwTt 
on  "  Buins  in  Xew  Mexico.")  It  is  probable  that  the  climate  baa  be- 
come progressively  more  dry  as  time  has  elapsed,  from  evidences  ot 
former  cultivation  which  woald  be  now  impossible.  At  Qnivira,  Dr. 
Loew  says,  "  when  Coronado  visited  this  province  it  was,  ns  be  de- 
scribed it,  very  fertile ;  at  present  it  resembles  a  desert." 

At  similar  elevations  in  other  oonntries  the  snow  would  nccnmtdate 
and  form  glaciers  npon  the  mooatoiua,  whence  an  ample  river-sopply 
of  water  vonld  continue  all  the  summer.  ITothing  like  this  occnrs  here, 
and  the  extremely  r^td  evaporation  in  this  dry  nir  may  help  to  accoiut 
lor  tbe  difference. 

II.  Very  bood  after  my  arrival  in  Kew  Mexieo,  in  October,  1876,  Ibe- 
ca  me  aware  of  nnnsaal  electrical  distorbonoes  around  me.  Severe  shocks 
livere  experienced  on  touching  garments  of  wool  or  cotton  that  had  joat 
been  taken  off,  and  if  at  night,  vivid  sptrks  of  electricity  and  a  trul- 
ing  liue  of  light  would  follow  the  fingers  when  passed  over  them.  The 
shaking  of  clothing,  to  free  it  ftvm  dnst,  or  friction  with  the  fingers 
over  a  sheet,  would  have  the  same  effect.  Upon  inquiry  I  foond  otiieis 
also  sensible  of  a  highly  electrical  condition  here.  Tbe  telegraph  was 
distnrbed  in  its  operations  by  excess  of  atmospheric  eleotrioi^y,  and  on 
inqniry  of  Hr.  Oough,  the  agent  of  the  Western  Union  Telegraph  Line, 
he  was  happily  able  to  confirm  my  Impressions  fk)m  a  very  extended 
experience.  The  snbject  became  one  of  almost  daily  inqniry  between 
ns  since  July  18, 1876 ;  and  at  my  request  he  has  fhrnished  me  a  writ- 
ten statement,  to  which  I  Invite  special  attention. 

**  Olt^IOB  OF  WSSTBBN  UNIUK   TELSOBAFH  COHFAmr, 

"  Headqdaetees  Disteict  op  Mbw  Meuoo, 

"  Santa  FS,  If.  Mex.,  December  13, 1876. 
"To  General  T.  A.  MoPAELlB, 

^Btirgeon,  U.  S.  A.: 
"  Dear  Sib  :  In  reply  to  yoar  qnestion  as  to  whether  I  have  noticed 
any  nnusnal  electrical  disturbances  on  the  telegraph-lines  in  this  region, 
{  wonld  respectfully  state  that  I  have  noticed  sncb  disturbances,  and 
that  in  character  aud  frequency  they  are  very  remarkable,  and  really 
astonishing,  and  such  as  in  a  seventeen  years'  experience  i  have  noticed 
on  no  other  lines. 

*<  From  about  the  middle  of  April  until  about  the  middle  of  October, 
between  the  hoars  of  10  a.  m.  and  6  p.  m.,  theae  disturbances  are  most 
frequent,  and  rmdet  the  working  of  the  line  almost  impoBsible. 


tyGotv^k- 
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"  On  my  oiierating-table  I  bare  a  galvaDometer.  Tbe  regular  battery 
or  artificial  canreDton  the  wire  deflects  the  needle  from  the  north  to  east 
60°  to  6ii° — a  steady,  auiform  deflection.  Daring  these  eleuCrical  pheno- 
mena tbe  needlecommencestobecomennsteady,  pointing  10,30,  GO,  TO,and 
90  degrees  east.  Tbe  flow  will  increase  to  such  tremendons  quantity  that 
I  have  frequently  opened  my  key  an  eigbtU  of  an  inch,  (which  is  eqaiva- 
lent  to  brf^ing  the  wire  and  separating  the  two  ends  by  tbat  distance,) 
when  the  flow  of  electricity  would  pass  from  point  to  point  with  a  buzzing 
sound  and  an  intensely  brilliant  flame,  sometimes  of  a  bine,  sometimes  of 
a  porplisb  color,  and  as  large  nearly  as  a  candle-flame.  At  snch  times  E 
have  placed  tissue-paper  between  tbe  points,  when  it  would  instantly 
commence  to  blaze.  Thick,  heavy  writing-paper  wonld  be  bomed  com- 
pletely tbrongb,  bat  wonld  not  blaze.  These  heavy  flows  will  sometimes 
coDtinoe  for  boors  with  bat  little  variation,  at  others  in  one  instant  tho 
flow  ceases  entirely;  tbeneedleof  the  galvanometer  drops  down  to  zero; 
remaining  so  for  an  instant,  it  will  fly  back  to  80  or  90,  drop  down  to  10, 
20,  50;  tbe  next  insta,nttbe  whole  artificial  or  battery  current  is  neutral- 
ized (bo  to  speak)  by  a  tremendons  flow  of  an  apparently  different  polar- 
ization, as  tbe  needle  before  deflected  to  the  east  now  flows  roaod  to  70, 
80,  or  90  degrees  to  the  west;  tbe  next  90  to  tbe  east,  again  at  zero, 
and  tbas  never  steady  for  more  than  n  few  seconds  at  any  iwint.  I 
have  frequently  taken  off  all  the  artificial  batteries  entirely,  and  no  i>er- 
ceptible  difference  could  be  ooticod ;  at  one  moment  there  would  be  so 
much  electricity  that  in  trying  to  work  the  line  it  would  fuse  tbe  platina 
points  of  the  key,  and  in  the  next  instant  not  a  particle;  and  at  no 
time,  either  with  or  witbont  the  artificial  batteries,  woold  the  current 
be  ateady  longenough  to  obtain  intelligible  signals  over  the  wire. 
"Very  respectfully,  your  obedient  servant, 

JOSEPH  M.  GODGH, 
" Manager  Western  Union  Telegraph  Ci/mpany" 

Aefiarrlng  to  the  Bignal  Service  Be[>orts  last  pnblisbed,  I  found  in  the 
Monthly  Reports  of  Weather  for  Jaly,  1874,  and  August,  1874,  electri- 
cal pbeaomesa  of  special  interest  as  connected  with  the  summit  of  Pike's 
Peak,  and  for  January,  187fi,  atmospheric  electricity  generally  com- 
mented opon ;  and  a  special  extract  refterring  to  an  extraordinary  elec- 
trical storm  observed  at  Santa  F6,  which  I  have  extracted  as  of  special 
interest  in  connectiou  with  the  sat^ect  of  eleetricnl  distnrbanees  and  dis- 
tribntion  in  this  and  other  mountain  regions.  Facts  like  these  should 
be  collated  and  fully  considered  if  it  be  determined  by  experieDoe  that 
atmospheric  electricity  exerts  an  influence  niK>n  development  of  health 
or  disease. 

ExtracU  from  Report  (ff  CiiAef  Slgnal-OffUser  for  1875. 
ELECTRICAL  FHEN03IENA. 

*'Tbe  local  storms  previously  referred  to  were  in  many  instances  ac- 
companied by  vivid  displays  of  lightning.    The  most  remarkable  serien 

■  ,  Go  Ogle 
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nf  thDnder-Btorms  occurred  atthOBammit  of  Pike's  Peak  ftom  the  14th 
to  tbe  25tb,  daring  which  the  electrical  effect  was  so  intenBc  as  to  inter- 
rnpt  telegraphic comniooication  with  tbatstation.  The  obsen-er reportfi 
that  sharp  peculiar  aoands  were  emitted  from  ut)  iwinted  objects,  and 
that  painful  f^nsations  were  es[>erieuced  io  tbe  hands  and  face. 

"A  brilliant  display  of  balMightniDg  was  observed  at  Denver  tluly 
21,  the  ball  exploding  in  fall  view  and  tbe  fragments  re-exploding  as  tbey 
reached  the  earth.  This  phenomenon  was  also  observed  at  Keoknk, 
Iowa,  on  the  16th. 

"  Ground-currents  interfered  with  the  working  of  tbe  tetegrapb-tioe 
at  Sandy  Hook  on  the  4th,  Uth,  and  ICth."  (Page  272,  Monthly  Weather 
Review,  report  for  July,  X8T4.) 

"  Id  additioD  to  thunder-storms  spoken  of  under  previous  headings, 
there  were  strong  ground-cnrrents  on  the  telegraph-line  connecting  Col- 
orado 8|irings  with  tbe  summit  of  Pike's  Peak,  Colo.,  on  the  evening 
of  tbe  let.  Frequent  lightning  was  observed  on  the  same  line  daring 
the  month.  On  tho  3d  heavy  snow  accompanied  a  heavy  tbnnder-stonn 
on  Pike's  Peak,  from  which  station  thnnder-storms  are  reported  as  hav- 
ing occurred  almost  daily.  Thander  or  lightning,  or  both,  were  mon 
frequent  in  the  Soutbera  and  Western  States,  especially  the  latter,  than 
in  otiier  stations."  (Page  276,  Monthly  Weather  Review,  report  for 
August,  1874.) 

ATMOSPHEBIC  ELBCTBIOITY. 

"  Thunder-atorms  are  reported  as  having  occurred  mostly  in  the  South- 
ern States  and  during  the  passage  of  general  storms,  viz: 

"On  the  7th  in  Georgia  and  Florida;  on  the  2lBt  in  Georgia,  Korth 
Carolina,  Tennessee,  Mississippi,  and  Texas ;  on  tbe  22d  in  Georgia, 
Alabama,  Mississippi,  Louisiana,  nnd  Texns ;  on  the  24tb  in  Alabama, 
Mississippi,  Louisiana,  and  ^ortb  Carolina^  on  tbe  27tli  in  Looitfiana, 
Indian  Territory,  and  Texas ;  on  the  29th  in  Georgia  and  Alabama." 

The  following  extract  is  made  from  tbe  observer's  report  at  Santa  F^ 
ISew  Mexico; 

"January  15,  extraordinary  electrical  storm  on  (telegmpb)  line; 
noticed  first  at  12  m.,  and  lasted  until  3  p.  m.  The  current  was  so  strong 
the  line  coul*l  not  be  worked.  The  key  was  left  open,  and  most  of  tbe 
line  was  surrounded  by  a  ring  of  fire.  It  was  during  tbe  passage  of  lov 
barometer  that  this  happened."  (Page  301,  Monthly  Weather  Review 
for  January,  1875.)  • 

*  B;  on  ezomiDation  of  lb*  appended  ptipen  it  will  be  DOticed  that  tbe  mililuy  lek- 
gropb-line  extend iDf(  from  Denver  to  Huita  F^aod  thence  sontbirard  toSilTerCitj 
was  diatuTbed  by  ntmospberic  electricity  from  July  16  to  December  31, 1B7G — dedaeting 
Snodaye,  when  no  oontiDuons  observatioDi  were  miMle— 10  times  on  tbe  nortbern  line, 
14  on  tbe  Hoatbcra  IIdb,  and  2^  on  both  lines  unt  of  Santa  ¥6 ;  46  days  of  diitarbanro 
ont  of  147  days' observations.  No  record  was  made  of  dintDrbaDoesauteiior  to  Jolf 
18,ld76. 

In  tbe  jear  tbe  mind  traveled  at  a  rate  amoDOting  to  67,906  milee.  beiD){*ODtliw«t 
over  one  half  the  lime  auU  uortbeast  or  Dorlh  about  uue-fonrtb  the  time.   One  baadred 
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Tbe earth  isagood  conductor,  aod  tbe"  commoo  reservoir  "  of  electricity 
dry  air  is  a  good  insulator;  bnt  when  tbe  air  contains  moistare  it  cod- 
dacts  electricity,  and  this,  says  Qanot,  (page  010,  Elementary  Treatise 
on  Physics,  Neir  York,  1869,)  is  the  principal  saatce  of  the  loss  of  elec- 
tricity. Id  the  same  way  that  metals  do  oot  become  electri&ed  by  fric- 
tion on  accoant  of  their  great  condnctirity,  animals  do  not  exhibit  this 
property  in  a  marked  degree  until  comparatively  insulated  by  a  dry  at- 
mosphere. Animal  bodies  daily  retaining,  fur  aoy  prolonged  period,  a 
greater  store  of  electricity,  or  using  up  this  electricity  as  a  force,  may 
be  materially  different  from  what  they  would  bo  in  a  humid  euvironment. 

The  electric  tension  and  density  of  a  metallic  sphere  ia  found  to  be 
oniform  over  its  surface.  On  an  elongated  ellipsoid  it  accumulates 
at  the  most  acute  points,  and  the  apheaved  masses  of  mountains  would 
appear  to  ns  favorable  points  for  a  special  distribution  of  electric  force. 

It  is  much  to  be  desired  that  observations  as  to  the  amount  of  ozone, 
of  humidity,  and  atmospheric  electricity  be  more  generally  made  in  the 
interest  of  those  seeking  for  climatic  relief  and  to  furnish  data  for  our 
guidance. 

I  have  the  impression  that  a  moderate  altitude  should  first  be  sought, 
and,  as  convalescence  and  vigor  are  assared,  a  higher  and  more  bracing 
air  conid  be  borne  with  benefit. 

In  this  country  the  statistician  is  at  a  disadvantage ;  there  are  no 
l>oardB  of  health,  no  registration  of  diseases. 

Tiie  rector  of  the  cathedral  has  been  kind  enough  to  give  me  the  sta- 
tistics of  deaths  among  tbe  Catholic  popnlation  of  the  parish  of  Santa 
F6  from  1869  to  December  14,  1876,  amounting  to  1,003  deaths  in  eight 
years  in  a  parish  estimated  between  7,000  and  8,000.  p'rotn  this  lesti- 
mate  the  average  yearly  death-rate,  125,  being  about  one  death  to  60 
Catholic  popnlation,  a  mortality  of  16  per  1,000  in  the  parish. 

Of  the  death-rate  in  the  Territory  I  have  no  information.  Dr.  Lewi^ 
Eennon,  (of  Fort  Selden,)  as  qnoted  by  Mr.  Brevoort,  says :  "The  lowest 
death-rate  from  tnbercnlar  diseases  is  in  New  Mexico." 

"Tbe  censuses  of  1860  and  1870  give  25  per  cent,  in  Sew  England,  14 
in  Minnesota,  from  6  to  6  in  different  Southern  States,  and  3  per  cent,  in 
Sew  Mexico."    (New  Mexico,  by  Elias  Brevoort,  1874,  p.  27.) 

Dr.  Symington  informs  me  that,  in  a  residence  of  eight  years  in  this 
Territory,  he  has  seen  bnt  two  cases  of  phthisis  among  natives,  and 
they  were  young  persons. 

Id  Switzeriand  (aocording  to  Dr.  Lombard,  of  Geneva,  Gazette  des 
Hospitanx,  of  October  26,  1876;  Loudon  Medical  Times  and  Gazette, 
and  uiDedayBweremoist  for  a  while  from  rain  orBUcnr.  It  is  proper,  boiTeTer,t«remaTk 
tbat  In  tbe  raiDj  or  wet  »eaeoD  of  tbe  jenr  anDBhiiiB  and  clear  skies  are  noticed  every 
day,  tbe  rain  coming  in  abowera.  Thewholeamountofhomidity  was  only  l!>.06incbes 
toT  tbe  year;  maximnm  velocity  of  wind,  38  miles  per  hour. 

I  take  pleasnra  in  oolcuow lodging  the  prompt  faoiliilea  extended  to  me  by  tbe  United 
States  dgnal  and  military  telegraph  aervlces  in  f  arnialiing  information  and  data  aa  to 
obMTvatioos  mode  by  them. 

^^  ^  _  I tv Google 
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November  11,1876,  p.  552)  tbe  mean  mortality  resnltiog  from  pbthlus 
pulmonalis  is  77  per  1,000  deatba,  being  a  much  lower  proportion  than 
most  of  tbe  countries  of  Europe.  Tbns  ia  Belgium  this  varies  from  163  to 
108,  and  in  England  is  124.  •  •  •  Two  inflnences  are  brought  into 
view  b;  Dr.  Lombard's  investigations,  viz:  The  deleterions  eSects  of  io- 
dustrial  occupations  as  compared  to  agricultural,  and  tbe  benefit  of  high 
altitudes,  cases  of  phthisis  being  less  frequent  in  proportion  to  tbe  height 
attained,  so  that  it  entirely  disappears  in  high  vidleys. 

Tbe  Medical  Statistics  United  States  Army — Abstract  of  Friocipal 
Diseases — show  a  total  of  8  cases  (3  deaths)  in  an  average  mean  strength 
of  5,873  troops,  from  phthisis  pulmonalis,  in  tbe  six  years  from  1840  to 
1854.  For  tho  same  period,  in  diseases  of  the  respiratory  system,  "Nev 
York,  New  England,  and  the  region  about  tbe  great  lakes  exhibit  the 
largest  ratios;  and  Florida,  Texas,  and  New  Mexico  the  smallest,  being, 
in  the  ratio  of  cases  per  1,000  of  mean  strength,  New  England,  48; 
New  York  harbor,  5.9;  great  lakes,  4.5;  Atlantic  coast  of  Florida,  2.3; 
Gulf  coast  of  Florida,  6.9;  Texas  sontbern  frontier,  4.00;  weaten 
frontier  of  Texas,  3.0;  New  Mexico,  1.3."  The  conclusions  of  Dr.  B.  H. 
Coolidge,  V.  S.  A.,  the  compiler,  (Medical  Statistics  United  States 
Army,)  are,  I  believe,  accepted  to-day:  "1st.  That  temperature,  coDSid' 
ered  by  itself,  does  not  exert  that  marked  controlling  inSuence  npon 
the  development  or  progress  of  phthisis  which  has  been  attributed  to 
it.  *  *  2d.  That  the  most  important  atmospherical  condition  for 
a  consnmptivo  is  dryness.  •  •  3d.  That  next  to  dryness  in  im- 
portance is  an  agreeable  temperature — a  temperature  nniform  for  long 
periods,  and  not  disturbed  by  sudden  or  frequent  changes.  *  *  A 
uniformly  low  temperature  ia  much  to  be  preferred  to  a  uniformly  higti 
temperature.  Tbe  former  exerts  a  tonic  and  stimulating  effect  opon 
the  general  system,  while  tbe  latter  prodaces  general  debility  and  nerv- 
ous exhaustion.  The  worst  possible  climate  for  a  consumptive  ia  one 
with  a  long'Contiuned  high  temperature  and  a  high  dew-poiDt." 

Confirmatory  of  all  this,  and  the  fact  that  "  New  Mexico  is  by  f^  the 
most  favorable  residence  in  the  United  States  for  those  predisposed  to 
or  affected  with  phthisis,"  may  be  consulted  the  testimony  and  experi- 
ence of  several  medical  officers  of  the  United  States  Army.  (Quoted 
in  Hammond's  Hygiene,  p.  280.) 

An  examination  of  the  sickness  and  mortality  tables  of  tbe  trooiia 
serving  in  New  Mexico  from  1861  to  1865,  published  in  the  Medical  and 
Surgical  History  of  the  War  of  the  Rebellion,  Part  I,  Washington, 
1870,  pp.  138,  280,  430,  and  588,  Order  V,  Diseases  of  the  Bespiratory 
Organs,  shows  tbe  following  cases : 
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Many  persona  do  well  at  home  in  sniumer  wbo  need  in  winter  a  milder 
climate. 

Europeans  are  wont  to  seek  Naples,  Malaga,  Egypt,  Algiers,  Rome, 
Florence,  Mentone,  or  the  West  Indies.  Kecentl;  tbe  west  coast  of  Ire- 
land, made  warm  by  the  influence  of  the  Gulf  Stream,  has  been  recom- 
meaded.  For  patients  threatened  with  phthisis,  Mentone,  Malaga,  and 
Algiers  are  preferable.  If  they  go  to  Jamaica,  they  should  arrive  ia 
December  and  go  np  at  once  to  the  hills.  Such  as  are  affected  with 
irritable  bronchitis,  asthma,  and  pleuritic  teudencies,  are  recommended 
to  Madeira,  and  in  the  spriug  to  Fan.  (London  Med.  Times  and  Ga- 
zette, November  4, 187C,  p.  519.) 

When  the  railroad  shall  have  made  this  region  (of  New  Mexico)  of 
easy  access,  the  invalid  may  find  a  genial  and  proper  climate.  For 
the  weakest  invalids  the  Mesilla  Valley  should  be  first   resorted  to,  and 
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thence  the  transit  caa  be  made  to  a  northern  and  more  invigorating  air. 
The  summer  in  Meeilla  is  said  to  be  quite  hot. 

ProceediDg  from  Santa  F^  between  Taos  aod  Fort  Garland,  the  mili- 
tary wagon-road — condacted  by  Lieutenant  BnfFoer — winds  in  the  cailoD 
of  tbe  Rio  Grande  and  near  its  margin  for  miles.  The  river  is  narroir 
and  i-apld,  hemmed  in  b;  pealcs  and  precipices,  and  rashes  a  foaming 
flood  over  rocks  and  bowlders. 

The  Denver  and  Bio  Grande  Railroad,  which  will  be  extended  to 
Garland  by  May  1, 1877,  will  probably  come  down  this  caiion  and  open 
oat  some  magnificent  scenery  to  the  tourist.  Arriving  at  Fort  Garland, 
situated  in  the  San  Luis  Park,  (8,000  feet  above  sea-level,)  wehave  a  near 
view  of  tbe  Sierra  Blanca,  one  of  the  highest  of  the  Eocky  MountiuDS— 
14,404  feet— easier  of  ascent  than  Mont  Blanc,  (15,784  feet,)  tbe  Jang 
Fran,  (13,671  feet,}  or  the  Matterbom,  (14,370  feet.)  A  daily  line  of 
stages  passes  Garland  toward  tbe  San  Jaan  mines,  reaching  tbe  Bio 
Grande  Biver  in  26  miles,  in  CO  miles  La  Loma  and  Del  Korte,  and  in 
abont  100  miles  tbe  summit  of  tbe  main  divide,  "  among  a  mass  of 
snow-peaks,  in  groups  connected  by  crests  more  or  less  high,  from 
which  the  waters  flow  radially,  and  is  probably  the  highest  portion  of 
the  Rocky  Mountains.  This  region,  like  that  of  tbe  Yellowstone  Lake, 
seems  to  t>e  one  of  the  domes  of  tbe  contineDt,  as  is  shown  by  the  fact 
that  tbe  same  rivers  which  eventnally  flow  west  flow  at  first  east  and 
south,  like  Grand  River  and  Lake  Fork."  (Reconnaissance  in  the  Ute 
country  by  First  Lieut  E.H.  Kaffner,  United  States  Engineers,  Waab- 
iogton,  1874,  p.  31.)  Among  those  mountains  whose  heights  bave  beeo 
determined,  we  have  Summit,  13,350  feet ;  Bristol  Head,  11,814  feet; 
King  Solomon,  13,073  feet ;  Engineer  Mountain,  13,270  feet  Tbe  higb- 
est  of  all  is  Mount  Chaavenet,  altitude  unknown  to  me.  King  Solomon, 
in  the  Sierra  La  Plata,  and  Mount  Galena  (12,978  feet)  are  in  tbe  ricb 
silver  and  gold  mining  region, now  rapidly  filling  np  by  immigration. 

From  Engineer  Mountain  "  masses  of  snow-peaks  rising  a  thousand 
and  two  tbonsand  feet  above  timber  are  seen,  with  sky-lines  marvel- 
onsly  bold  and  wild.  The  peaks  (says  Maj.  B.  G.  Prout)  are  seen  at 
distances  of  10  to  30  miles  around.  I  donbt  if  any  otber  monntaiu  it- 
gion  in  tbe  world  displays  so  extensive  a  mass  of  increasing  variety  of 
form  so  wholly  grand."    (Page  24,  ibid.) 

Tbe  great  overland  California  Railway  passes  over  no  country  eqnal 
to  this,  as  it  purposely  and  economically  was  located  at  a  lower  level- 
Here,  about  latitude  37°  45'  and  longitude  107°  28',  the  Great  Sierra 
Madre  rises  to  its  greatest  height,  and  thence  flow  tbe  foontains  of  tbe 
Bio  Grande  del  ^orte. 
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Appendix  No.  1. 

Santa  Ft,  December  14,  1876. 
Dr.  McPaelih  : 

Deab  Sib  ;  According  to  yoar  reqaest,  I  have  the  honor  to  send  tbe 
statistics  of  deaths  occDired  among  tbe  Catliolic  population  of  the  par 
ish  of  Santa  F6  since  I  bare  been  the  rector  of  tbe  aaid  parish. 

The  parish  of  Santa  F<^,  as  it  is  now  established,  comprises,  besides 
the  city,  the  towns  of  Agua  Fria,  Cieuega,  Tesaque,  and  Bio  TesDqae  ; 
it  is  to  say,  a  ixtpolatiou  of  seven  or  eiglit  thousand  iubabitants. 

Here  are  now  tbe  statistics  of  deaths : 


Tcara.  DuathB. 

1869 104 

1870 94 

1871 143 

1872 183 


Yesra.  Death*. 

1873 120 

1874 146 

1875 102 

1876,  up  to  this  date 131 


As  to  the  principal  caases  of  these  deaths  I  ought  to  confess  my  ig- 
Dorance  in  the  matter.    I  am  not  a  physician. 

loflneoza  and  whooping-coagh  are  sometimes  fatal  and  very  mortif- 
erons,  especially  among  children.  In  last  Janoary  and  February,  as 
yon  must  be  aware,  we  had  many  fatal  cases  of  plearisy.  I  btu-ied  32 
corpses,  almost  all  of  grown  persons. 

It  woald  be  ail  error  to  believe  that  there  is  no  case  of  consmuptioD 
among  the  natives  of  this  conntry.  On  the  contrary,  asthma,  heart  and 
long  diseases  are  very  common  among  them.  I  have  actually  some  pa- 
tients who  saffer  oC  sndi  aOections. 

I  think  tbe  principal  cause  most  be  attributed  to  the  sharpness  of  the 
air  and  scarcity  of  good  clothes. 

I  am,  very  reepectfally,  my  dear  doctor,  yoar  most  obedient  servant, 
J.  A.  BKUCHAED, 
Parish  Priest  of  the  Cathedral. 

A  true  copy : 

T.  A.  McPABLirr,  M.  0. 
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ON  THE  CHANGE  OF  THE  MEXICAN  AXOLOTL  TO  AN  AMBLY- 
STOMA. 


Bt  Dr.  August  Weisuann,  Profcitor  at  Frttburg,  Brtitgau. 

lTnuiBl&t«d  by  IleDiy  U.  Donglau.  Chainpaign,  III.] 


Since  Dam^ril  first  annonneed  the  cbangc  of  a  Dumber  of  Axolotls 
ioto  the  so-called  Amblyatomn  form,  this  SlexiciD  flsb-snlamaDder  has 
been  bred  io  aqnariams  at  maDy  Earopeaa  places,  priocipally  witb  a 
view  to  determine  tbo  coodttions  nnder  which  that  chaoge  occnrs,  and 
then  from  that  to  draw  fartber  conclnsioos  apoa  tbe  real  caases  of  this 
exceptional  and  therefore  so  mysterious  metamorphosis. 

The  creatures  were  easily  propagated  everywhere,  and  that  id  great 
numbers.  Yet  not  oaly  did  the  cases  in  which  the  transformation 
occurred  remain  exceedingly  rare,  hnt  no  one  sneceeded  in  auswering 
the  first  and  most  important  qneslion,  whether  this  was  called  forth  by 
ei^emal  ciroamstaoces  or  was  dependent  upon  purely  intrinsic  canses. 
Macb  less  were  any  definite  external  inflnences  fonnd  through  whose 
presence  one  conld  bring  on  the  metamorphosis  with  certainty. 

Bnt  until  this  point  is  decided,  all  attempts  at  theoretical  interpre- 
tation and  aae  of  the  pbenomenon  must  remain  without  any  firm  fonnd- 
ation. 

To  me  this  history  of  the  AxolotPs  tranaformatioD  always  seemed  to 
be  of  quite  a  particular  interest.  I  believed,  indeed,  that  possibly  this 
one  special  case  might  be  sofflcient  to  determine  the  oorrectaess  of  the 
fandamental  principles,  according  to  which  the  origin  of  species  is  repre- 
sented in  the  two  hostile  camps  of  development  and  heterogeneova  or  dis- 
tinct creation.  So  1  resolved  to  set  about  experiments  with  the  Axolotl 
myself,  in  the  hope  that  perhaps  it  woold  be  my  good  fortune  to  throw 
some  light  upon  this  subject. 

lu  the  year  1873,  Herr  von  Eoltiker  had  the  kindness  to  present  to 
me  five  of  the  Azolotts  be  had  bred  in  Wilrzburg.  In  the  following 
year  these  produced  an  abundant  ,brood.  With  them  I  tried  to  settle 
tbe  questioD,  whether  it  was  not  possible  to  force  all  the  larvie  to  the 
change,  or  at  least  the  greater  part,  if  they  were  brought  ioto  circum- 
stances which  rendered  tbe  use  of  the  gills  difficult,  that  of  the  lungs 
easy.  This,  in  other  words,  woold  be  to  compel  them  from  a  certain  age 
to  live  half  on  the  land.  It  will  be  seen  further  on,  what  theoretical 
grounds  led  me  to  this  idea. 

Meanwhile  I  reached  no  results  that  year.  Tbe  most  of  tbe  larvse 
died  before  tbe  time  for  such  experiments  seemed  to  have  come.    The 
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few  enrvivors  did  not  make  the  cbaoge,  bat  lived  aotil  the  early  part  of 
the  next  year,  only  to  die  one  after  aootber. 

Evidently  I  had  given  them  too  little  care  and  atteotioD,  being  pre- 
vented by  a  somewhat  lengthened  absence  from  Freibarg,  as  well  as  by 
other  labors. 

I  reached  tbe  conviction  at  that  time  that  withoat  the  greatest  care- 
folness  and  attention  in  the  rearing  no  result  can  be  obtained.  This 
conviction  further  experience  only  confirmed.  One  mnst  just  concoi- 
trate  all  his  interest  npon  this  one  aim,  and  most  not  begrudge  having 
to  devote  considerable  time  every  day  for  months  to  this  work.  That  I 
conld  not  carry  this  on  myaetf,  withont  giving  np  other  work  for  It, 
seeme<l  clear  to  me,  and  so  I  bailed  it  with  joy  when  tho  opportunity 
offered  of  seeing  the  esperimenta  made  by  another  person. 

Miss  von  Ohanvin,  a  lady  well  known  to  several  correspoudeota  in 
tbis  department  by  her  beantiful  observations  on  the  Phryganidie  (alu, 
not  yet  pablisbed),  proposed  the  following  year  to  take  a  nomber  of  tbe 
larvae  just  out  of  the  egg,  rear  them,  and  make  the  attempt  to  bring 
them,  in  a  certain  measure,  by  force  into  the  Amblyatoma  condition.  It 
will  be  perceived  by  the  following  records  of  the  lady  herself  bow  com- 
pletely this  attempt  sacceeded,  and  no  less  will  it  be  seen  that  this  uc- 
cess  was  possible  only  with  such  carefulness  in  the  treatment  and  deli- 
cacy in  the  observation  as  were  here  employed. 

SXPEBIUEHTS. 

"I  began  the  esperimeots  Jane  13, 1874,  with  five  larvae  aboateigbt 
days  old,  all  that  remained  alive  of  the  twelve  delivered  to  me.  On 
account  of  the  extraordinary  tenderness  of  these  larvte,  tbe  qaality  and 
temperature  of  the  water,  the  kind  and  qaantity  of  the  food  supplied, 
especially  in  the  earliest  period,  exert  a  great  influence  npon  them,  so 
that  one  can  hardly  be  cantious  enoagh  in  their  management 

"Tbe  little  creatures  were  kept  in  a  glass  globe  of  abont  30  centi- 
metres in  diameter ;  the  temperature  of  the  water  was  regalated,  and 
as  nourishment  Baphnida  were  furnished  at  first,  afterward  larger 
aqnatio  animals  in  greater  qaantity.  In  this  way  the  five  larvte  throve 
exceedingly  well.  By  the  end  of  June  tbe  strongest  larvse  showed  the 
beginning  of  the  fore  legs,  and  tbe  9th  of  July  the  hind  legs  made 
their  appearance.  At  the  end  of  November  I  noticed  that  one  Azolotl— 
for  brevity  I  distinguish  it  with  I.,  and  shall  note  the  others  with  the 
snccessive  Boman  numerals — kept  constantly  on  tbe  snrfkce  of  the  water, 
which  brought  me  to  the  supposition  that  the  right  time  had  come  to 
prepare  for  the  change  to  a  land  salamander. 

"For  thi?  purpose,  on  December  1, 1874,  L  was  pat  into  a  considerably 
larger  glass  vessel  with  a  flat  bottom,  which  was  so  placed  and  filled  with 
water  that  only  in  one  spot  could  he  dive  quite  nnder  water,  while  every- 
where else  in  bis  repeated  creepings  about  the  bottom  of  the  vessel  he 
came  more  or  less  in  contact  with  tbe  air.    On  the  following  days  tbe 
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water  was  gradaallj  dimiDished,  aod  daring  this  time  the  first  clianges 
Id  the  aDimat  appeared :  The  gills  began  to  shrivel.  At  tbe  same  time 
the  creatare  showed  a  striviag  to  reach  the  shallow  places.  The  4th  of 
December  it  betook  itself  wholly  to  the  land  and  crept  away  into  tbe 
damp  moss  which  I  had  placed  qq  a  bod  of  sand  in  tbe  highest  part  of 
the  bottom.  This  was  followed  by  the  first  molt.  WUhla  the  fonr  days 
from  December  1  to  4  a  strikiog  chaoge  took  place  ia  the  exterior  of  I.; 
the  giii-tafts  shriveled  almost  entirely  together,  the  orest  on  the  back 
vanished  completely,  and  the  hitherto  broad  tail  assumed  a  roanded 
form  similar  to  a  laod  salamander's  tail.  Tbe  grayish-brown  color  of 
tbe  body  gradually  changed  to  blackish ;  here  and  there  white  spots 
came  ont,  faintly  marked  at  first,  and  growing  more  distinct. 

"  ^hen,  on  the  4th  of  December,  tbe  Asolotl  crept  oat  of  the  water,  the 
clefts  of  thegills  were  still  open.bat  they  gradaally  closed,  and  inaboat 
eight  days  they  were  no  longer  to  be  seen  and  were  grown  over  with  a 
skin. 

"Of  the  other  laryee,  at  the  end  of  November  (that,  is  at  tbe  same 
time  when  I.  came  to  the  surface  of  the  water),  three  more  were  jnst  as 
strongly  developed  as  I. — an  indication  that  for  them  also  tbe  right 
time  had  come  for  the  hastening  of  the  process.  They  were  therefore 
subjected  to  the  same  treatment.  II.  changed  in  fact  at  the  same  time 
■as  I.,  and,  precisely  like  it,  had  perfect  gill-tnfts  when  it  was  placed  in  the 
shoal  water,  and  after  four  days  had  almost  completely  divested  itself  of 
these.  He  went  npon  the  land ;  and  then  followed,  in  the  course  of  aiout 
ten  days,  the  grousing  over  of  the  gill-clef  ta  and  the  complete  assumption  of  the 
salamander's  form.  Daring  this  last  time  the  animal  took  food,  but  only 
when  he  was  arged. 

"With  III.  andlV.  the  change  went  on  more  slowly.  They  did  not  so 
frequently  seek  for  tbe  drier  places,  and  generally  did  not  expose  them- 
selves so  long  to  tbe  air,  so  that  tbe  greater  part  of  Janaary  passed 
before  they  took  wholly  to  the  land.  Yet  tbe  drying  of  the  gill-tofts 
required  no  longer  time  than  I.  and  II.  The  first  molt  also  followed  as 
soon  OS  they  crept  npon  the  land. 

"Y.  showed  mnch  more  remarkable  deviations  in  the  transformation 
than  III.  and  17.  As  this  individaal  from  the  beginning  appeared  mnch 
more  feeble  than  the  others,  and  also  staid  behind  remarkably  in  its 
growth,  this  was  by  no  means  sarprising.  It  required  fonrteen  days 
instead  of  foor  to  carry  the  change  so  far  that  it  could  leave  the  water. 
It  was  of  quite  pecaliar  interest  to  watch  thecondition  of  this  individaal 
during  this  time.  As  may  be  inferred  from  its  delicate  nature,  it  was 
more  sensitive  than  the  others  to  all  outward  infiuences.  If  it  was  ex- 
posed to  tbe  air  too  long  it  took  on  a  lighter  color.  Besides  it  gave 
off  a  pecaliar  odor,  similar  to  what  salamanders  diffuse  when  they  are 
alarmed  or  endangered.  As  soon  as  these  appearances  were  noticed,  it 
was  immediately  pat  into  deep  water,  where  it  dived  under  at  once  and 
gradually  recovered  again.    Then  thegills  always  unfolded  again.    The 
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same  ezperimeat  was  made  re|>eatedly  and  was  everj  time  attended  by 
the  same  result ;  from  which  it  may  well  be  coooloded  thst  throngb  the 
eseroise  of  too  eaergetic  constraiDt  with  a  view  to  hasten  the  process  of 
transformation  a  stoppage  moy  be  broaght  about,  and  death,  indeed,  bjr 
continued  constraint. 

"Of  Azolotl  Y.  it  remains  to  be  stated  that  he  crept  oat  of  the  water,  uot 
like  all  the  others  at  the  first  molt,  bat  at  the  time  of  the/our^. 

'-All  these  are  to-day  alive,  healthily  and  stroogly  developed,  so  that, 
as  regards  their  QOarishmetit,  nothing  would  stand  in  the  way  of  their 
propagation.  The  largest  of  the  first  four  has  a  length  of  15  ceotime- 
tres.    Axolotl  y.  measoras  12  oentimetres. 

"From  what  I  have  said  must  be  established  the  correctness  of  the 
view  suggested  in  the  beginning:  most  Axolotl  larvae,  if  notall,,Gom- 
plete  their  metamorphose,  if,  in  the  first  place,  they  come  oat  of  the 
egg  healthy  and  are  properly  fed,  and,  in  the  second  place,  meet  vith 
arrangemeDts  which  force  them  to  change  from  breathing  under  vttei 
to  breathing  above  the  water.  It  will  be  understood  that  this  compol- 
sion  may  only  be  exerted  quite  gradually,  and  in  a  way  which  doee  not 
draw  too  much  upon  the  animal's  vital  force. 

"  Fieibarg,  Breisgan,  July,  1875. 

"MARIE  v.  CHAUVCt." 

I  remark  upon  the  above  records,  that  in  all  five  cases  the  cbauge 
was  a  complete  one,  not  to  be  confounded  with  that  which  all  the  Azolotls 
confined  in  small  gloss  vessels  undergo  more  or  leas ;  namely,  there 
are  frequently  vs.riatioDS  which  seem  to  advance  toward  the  AmblyBtomit 
form  without  reaching  it.  In  the  fire  full-grown  Axolotis  which  I  possess 
at  this  very  time,  and  of  which  two  at  least  are  four  years  old,  the  gil's 
are  all  very  much  shriveled  np,  bat  toil  and  crest  are  nDcbaoged.  Bot 
the  crest  may  also  disappear  and  the  tail  grow  smaller  without  changing 
to  the  Amblystoma,  as  shall  be  shown  farther  on.  As  regards  the  time 
used  for  the  transformatioD,  in  Axolotla  I.  to  V.  it  took  12  to  14  dafs. 
Four  days  of  that  bring  ns  to  the  first  change,  daring  which  the  animal 
Btill  remains  in  the  water ;  the  rest  of  the  time  is  given  to  the  compte- 
tion  of  the  change.  Dum^ril  gives  the  time  of  the  transformation  at  16 
days. 

From  the  experiments  communicated  the  following  seems  to  me  espe- 
cially noteworthy :  The  five  Axohtt  larva,  which  alone  can  come  into  the 
accoant,  since  the  others  died  early,  all  tcithout  txception  completed  tie 
change  and  became  Amblt/gtoviaa.  Only  one  of  them,  No.  L,  showed  by  con- 
stant swimming  on  the  sarface,  which  was  noticed  at  the  end  of  the  sixth 
mouth,  a  distinct  inclination  to  the  change,  a  preference  for  breathiog 
with  the  lungs.  Of  this  individaal,  therefore,  it  may  well  be  oasnmed, 
that  also  without  artificutl  aid  it  would  have  come  to  the  land  and  bare 
nndergone  the  transformation,  just  as  wna  the  case  in  some  tliirty  spec- 
imens which  Dumi^ril  observed. 
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ForXo9.  II.,  III.,  and  tV.,  od  tbe  other  band,  sncb  a  sappositioo  has  bnt 
little  probability.  All  tbree  larvte  Bongbt  to  keep  themselves  in  deeper 
water,  avoided  as  long  aa  possible  tbe  shallow  places  which  compelled 
tbem  to  mere  lung- breathing,  and  only  completed  tbe  change  more  than 
a  month  later. 

With  No.  v.,  moreover,  it  can  scarcely  appear  doitbtfnl  that  it  would 
not  have  made  tbe  change  witboat  the  forciblo  habitnatioa  to  abode  iu 
the  air. 

From  these  results  may  well  be  drawn  tbe  conclusion,  most  Axolotl 
larvte  change  to  tbe  Amblystoma  form  if  at  the  age  of  six  to  nine 
months  they  are  brought  into  water  so  abnllow  that  they  must  chiefly 
breathe  with  tbe  Inngs.  Tbe  experiments  in  question  are  small  In  num- 
ber, to  be  snre,  bat  sncb  a  conclusion  cannot  be  called  hasty,  when  it  is 
considered  that  Dom^ril,  among  many  hundreds  (tbe  number  is  not 
given  precisely)  of  Asolotls,  obtained  only  some  thirty  Amblystomas; 
that  likewise,  among  several  hundred  Axolotis,  von  Kolliker  bred  only  a 
single  Amblystoma. 

It  only  remains  doubtful  whether  every  larva  can  be  compelled  to  make 
the  change,  and  this  question  can  only  be  determi  ned  by  new  experiments. 
It  had  been  my  intention  to  defer  tbe  publication  of  those  above  given 
QDtil  they  were  repeated  in  greater  fullness  by  Miss  von  Chauvio.  But 
as  my  AxolotU  have  given  me  no  young  this  year  (1S75),  I  had  to  give 
that  ap  for  the  time,  and  could  do  this  the  more  willingly,  since  it  is 
rather  irrelevaut  to  tbe  theoretical  interest  of  the  facts  whether  alt  or 
only  almost  all  of  the  Axolotis  may  be  forced  to  make  the  transforma- 
tion. On  tbe  other  hand,  I  will  not  forbear  to  mention,  that  tbe  curator 
of  tbe  zoological  museum  here,  Herr  Gehrig,  reared  a  considerable  num- 
ber of  larvae  from  the  same  brood,  with  which  Miss  von  Ghanvin  experi- 
mented, and  that  of  these  larvce  six  passed  throngh  the  winter  without 
undergoing  the  transformation.  They  were  always  kept  iu  deep  water, 
and  therefore  constituted  the  counter-experiment  to  tbose  communicated 
above,  showing  that  this  whole  brood  by  do  means  possessed  a  predis- 
position to  UDdergo  tbe  transformation. 

If,  now,  these  new  facts  are  Co  be  mode  use  of  to  clear  np  our  conception 
of  the  natnre  of  this  unnsnsl  process  of  transformation,  we  must,  before 
all  else,  bring  to  onr  aid  tbe  data  already  known. 

In  tbe  first  place,  it  is  to  be  laid  down  (bat  Siredon  Mexicanut,  in  its  htmie, 
so/ar  as  we  know,  never  undergoes  the  transformation.  From  that  locality 
it  i»  knoipn  only  in  the  Siredon  form.  The  testimony  which  I  find  on  this 
point  comes  from  De  Saussure,*  who  himself  ot>served  the  Axolotl  in 
the  Mexican  waters.  This  naturalist  has  never  seen  even  a  single  Am- 
blystoma in  the  vicinity  of  the  lakes,  and  "yet  the  larvie  of  the  Axolotl 
are  so  common  there,  that  they  are  brought  into  market  by  thousonds." 
De  SauRsure  believes  that  tbe  Axolotl  does  not  make  tbe  change  in 
Mexico. 

*  Terhaudl.  a.  Schwolz.  Natarforscb.  GMeltschstt.    Eineiedelo,  1863. 
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Coi>e*  asserts  tbe  same  thing  qaite  decidedly ;  nnd  individaala  \ikA 
by  bim  tu  Ameticafroni  tbe  Siredon  JfexicaniM,  also  in  caittivity,  "eboved 
no  iaclination  to  tbe  transfornmtion.''  Od  tbe  otber  hand,  Tegelmpiei) 
fav  tbe  cbauge  begno  in  one  of  five  individaale  n'bicb  traced  their 
descent  to  tbe  Lake  of  Mexico  and  so  the  second  fact  is  eslAblislie^l, 
that  aluo  the  genuine  and  real  Axolotl  under  certain  circumstancet  change* 
in  confinement  to  an  Amblystoma, 

Tbia  remark  would  be  superfluoas,  if  it  were,  as  was  long  believed, 
true  that  tbe  Axolotl  of  tbe  Paris  Qarden  of  Plants,  whose  metamor- 
phosis was  first  observed  and  excited  ao  much  atteatioo  at  the  time, 
nctanlly  belonged  to  tbe  species  Siredon  Mexicanus,  tbe  only  Siredox 
which  in  its  home  bears  the  nnrne  Asolotl. 

In  bis  first  communication,  Diim4i'il  himself  was  of  this  opinion ;  be 
colled  the  creatnre  ">S(r«ii»tt  A/«xtcanug "  syn.  Hainboldii;X  but  later,  ia 
his  detailed  work  $  on  the  change  of  the  Axolotl  contaioed  in  the  Gar- 
den of  Plants,  be  recalled  this  view,  and,  after  a  critical  esaminatioQ  of 
the  five  described  Siredons,  came  to  tbe  conclnsioD  that  (be  Axolotia  in 
tbe  possession  of  the  Paris  Maseam  were  probably  Siredon  lichcitoi^ 
Baird. 

So  all  the  transformations  of  Axolotis  observed  in  Europe  were  to  be 
referred  to  this  species ;  for — at  least  so  far  as  is  known — they  are  all 
descendants  of  the  Paris  colony.  Thence  also,  indirectly,  came  tbe  aab- 
jects  of  my  experiments. 

T<i  be  sure,  now  it  does  not  agree  with  this,  that  the  Amblystoma 
form,  which  Dum^ril  obtained  from  his  Axolotis,  corresponded  vitb 
Amblyatoma  tigrinum  Cope,  while  we  learn  by  Marsh  ||  that  Siredot 
lichenoides  Baird  cbanges  to  Ambli/stoma  mavortium  Baird  when  it  under- 
goes tbe  complete  metamorphosis.  Marsh  found  tbe  Siredon  Uchenoida 
in  Alpine  lakes  (7,000  feet  above  tbe  sea),  in  tbe  soatbwestero  portion  of 
tire  United  States  (Wyoming  Territory),  and  by  breeding  io  aqnarinms 
obtained  from  itihe  Amblystoma  mavortiumS»\Td.  Nevertheless,  he  holds 
it  doubtful  whether  the  animal  ever  goes  throagh  the  change  in  its 
borne;  to  be  snre,  withont  any  sare  foaudatioo  and  on  purely  theoretical 
grounds,  namely,  becanse  in  bis  judgment  "the  colder  temperature 
there  is  less  favorable  to  if  \[ 

If  I  donbt  tbe  correctness  of  this  last  opinion,  it  is  only  becanse  the 
Amblystoma  mavortium  in  a  state  of  natnre  baa  been  found  in  macy 
parts  of  ihe  United  States,  namely,  in  California,  Kew  Mexico,  Texas, 

■Dana  and  Billiman,  Amer.  Jnum.,  3d  series,  l,p.  69.    AunalsNat.  Hist.,  vil,  p.SU- 

t  Proceed.  ZdoI.  800. 1870,  p.  160. 

t  Compt.  Renil.,  tome  CO,  p.  765  (1865). 

^NouvoUes  Arcbives  du  Mns^um  d'Hist.  Nat.    Paria,  1866.    Tome  it,  p.  268. 

y  Proceed.  BostoD  Son.,  vol.  jii,  p,  97  ;  Silliman,  Amer.  Jooro.,  vol.  ilvi,  p.  36J;  « 
referenoe  to  this  in  Troscbol's  Jabreeliericbt  for  1808,  p.  37. 

1  Proceed.  Boaton  Soc,  toI.  lii,  p.  97;  SillimaD.Amer.  Joarii.,slYi,  364.  loonldnot 
eiamloe  these  works  mf  self,  and  quote  teom  tbe  reference  io  Troecbel's  JiUineberidi^ 

xeee,  p.  37. 
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Nebraska,  and  Minnesota.  Nevertbeless,  it  is  by  no  means  incredible 
that  just  in  tbe  Alpine  lakes,  from  wbicli  Marsh  obtained  it,  the  species 
occnpies  iv  different  position  in  regard  to  tbe  transformation  from  vbat 
it  doesin  otber  habitats.  This  will  be  seen  from  tbe  obserrntions  on 
the  Triton  addacetl  below.  So,  until  further  observationa  are  made,  I 
believe  we  must  suppose  that  the  Paris  Axolotls  are  not  Siredon  liche- 
noides, but  probably  a  new  and  very  closely  related  species. 

Meanwhile,  there  is  not  much  depending  upon  this  in  the  review  of 
the  transformation,  if  it  ia  only  established  that  this  Axolotl  in  its  borne 
does  Dot  undergo  the  metflmorphoBie,  or  only  does  it  ns  exceptionally 
as  in  Enrope.  Unfortunately,  there  Is  in  Dum^ril'd  comniuuications  no 
precise  statement  of  tbe  locality  where  this  "Mexican"  animal  was 
fORod;  probably  tbe  locality  was  unknown  to  himself,  and  so  I  can 
only  assnme  on  Cope's  authority  that  no  Amblystoma  has  ever  been 
bronght  from  south  of  tbe  provinces  of  Tamanlipas  and  Chibuahaa; 
that  is,  from  south  of  the  tropic." 

Of  that,  however,  there  is  do  certainty.  Much  more  important  is  tbe 
&ct  addaced  above,  that  the  genuine  Axolotl  of  the  lakes  around  the 
city  of  Mexico  never  makes  the  change  to  an  Amblystoma,  but  that  this 
si>ecic8  also  in  isolated  cases  undergoes  tbe  trausformation  in  conQue- 
ment.  Now,  from  this  and  from  tbe  fact  that  the  Paris  Axolotis  iu  con- 
flDement  are  only  transformed  to  the  extent  of  a  very  small  percentage, 
it  may  be  concluded  tliat  aho  in  its  home  it  is  either  not  transformed  at 
all,  or  only  as  an  exception. 

But  still  another  series  of  facts  comes  very  essentially  into  tbe  account 
in  reviewing  this  history  of  trausformation:  1  mciaa  the  existence  of  a 
considerablenumberof^ecies  of  Amblystoma  in  nature.  Iu  the  "Revision 
der  SalamaDdriden-GattungeD "  (Beview  of  the  genera  of  iSalamaoders) 
which  Strauch  t  gave  a  few  years  ago,  there  are  represented,  accord- 
ing to  the  examples  of  Cope,§  twenty  species' of  the  Amblj/atoma  Tscbndi 
living  iu  North  America.  Now,  although  a  few  of  these  species  are 
based  only  upon  one  specimen,  and,  therefore,  as  Strauss  correctly 
says,  "must  be  suppressed  in  time,"  yet  there  ia  left  a  whole  range  of 
species  which  certainly  live  and  propagate  as  Amblystoma,  and  which 
have  their  locality  from  the  latitude  of  New  York  to  that  of  New  Mexico. 
Hence  there  are  certainly  species  of  Siredon  which,  under  their  natural  con- 
ditions of  life,  regularly  take  the  Amblystoma  form  and  propagate  in  it  / 
trhile  on  the  other  hand  there  are  at  least  tiro  species  which,  under  tlieir 
present  natural  conditions  of  life,  only  propagate  as  Siredon.  It  is  only 
another  form  of  expression  for  this  fact  when  one  says  tbe  Mexican 
Axolotl,  and  the  Paris  Siredon  as  well,  be  this  latter  named  lichenoides 
or  sooiethitig  else,  stands  upon  a  lower  phyletic  stage  of  devehpment  than 
the  otber  species  of  Amblystoma  which  propagate  in  the  salamander 

■DaDaaDdmilimnn,  Amer.  Journ.,  Sdeer.  i,  p.  89;  ADDalaof  Nat.  HUt.  vii,  p.346. 
t  ProceediDgH  Acad.  PLilod.,  lii,  I8G7,  pp.  186-209. 
i  Mem.  Asad.  Peterab.,  tuue  xri. 
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form.  No  oue  can  object  to  tbia  statenipiit ;  wbite  the  other  proposi- 
tion, either  expressed  or  tacitly  held  by  .ill  authors,  includes  a  theory 
which  I  regard  as  incorrect.  That  proposition  is :  The  Mexican  Axolotl 
has  retained  npon  a  lower  phyletic  stage  of  development. 

All  zoologists  who  have  expressed  themselves  on  the  traneformatioQ 
of  the  Mexican  Axolotl,  and  who  are  not,  like  its  first  observer,  Btill 
attached  to  Ouvier's  views  on  the  immutability  of  species,  took  up  tha 
matter  aa  if  here  was  a  species  which  throngh  some  sort  of  special  cir- 
cumstances had  remained  behind  on  a  lower  stage  of  tlevelopinent,  and 
was  now  stimulated  by  some  sort  of  inSnences  to  its  advance  to  a 
higher  stage. 

For  a  long  time  also  I  did  not  believe  that  the  thing  could  be  other- 
wise understood,  little  as  I  was  able  to  bring  all  the  phenomena  idCd 
harmony  with  this  view.  Thus  in  1872  I  used  the  following  expres- 
sions:* "Why  should  not  a  sudden  change  in  all  the  relations  of  life 
(the  removal  from  Mexico  to  Paris)  have  had  a  direct  influence  npoo 
the  organism  of  the  AsolotI,  so  that  he  suddenly  attained  a  higher  stage 
of  development,  which  many  of  his  kindred  species  hare  long  gince 
attained,  which  evidently  lies  in  the  nature  of  his  organization,  and 
which  perchance  ho  also  would  have  reached  in  bis  native  haunts,  tboiigb 
at  a  later  period  t  Or  would  it  be  too  much  to  suppose  that  by  ihe 
sndden  transpottatioa  from  8,000  feet  above  the  sea-level  (the  Mesican 
highland)  to  the  altitude  of  Pnris,  the  organs  of  respiration  bad  it- 
ceivcd  a  shock  which  just  brought  tbem  to  the  change  already  close  a[ 
handT  So  in  all  probability  we  have  to  do  with  a  direct  eSect  tnm 
altered  conditions  of  life." 

That  the  purport  of  the  last  sentence  must  also  be  held  true  toKia; 
follows  as  a  matter  of  course  from  the  experiments  communicated  above, 
which  surely  prove  that  by  the  application  of  definite  external  influences 
we'bave  to  a  certain  extent  it  in  our  power  to  call  forth  the  transforma- 
tion. Just  in  that  fact  lies  the  new  light  which  these  experiments  have 
brought. 

But  must  we  also  understand  the  phenomenon  in  the  manner  above 
iudicated — that  is  to  say,  as  a  phyletic  onward  development  of  the  tpecia, 
appearing  suddenly  and  tn  a  meature  resulting  from  a  shock  f  I  believe 
not.  What  first  perplexed  me  in  regard  to  this  view  was  the  sight  of 
my  living  Amblystomas  reared  from  tho  hnvte  ot  the  AsolotI.  Tbese 
creatures  by  no  means  show  a  variation  from  the  Axolotl  in  single  trails 
merely,  but  they  are  distinguished  from  it  in  Iheir  entire  habit;  ihev 
differ  somewhat  in  q,11  parts;  although  slightly  in  many,  in  others  quiK 
decidedly;  in  short  they  have  become  entirely  different  animals.  Corre- 
sponding to  this  they  also  live  quite  differently ;  no  longer  go  into  tlir 
water,  but  prefer  iu  the  daytime  to  keep  biddeu  in  the  damp  moss  «f 
their  prison,  and  at  night  come  forth  to  seek  iheir  food  on  the  dry  land. 

'"  Ueberden  Ciullues  det  laulirnuji  ii.at  die  ArtbililiLN)- "  (Ou  tLo  ItiflueuGe  ut  IsuliIioD 
apoD  the  FormalioD  ol' Specie ti),  Leipaiu,  li^-2,  {>.  3:1. 
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To  be  sure  I  could  hare  perceived  tbe  great  difference  between  the 
two  stages  of  development  from  the  anatomical  data,  loug  familiar  to 
lue  which  Dum^ril  had  given  od  the  Btructnre  of  bis  Ambly stomas; 
but  tbe  reading  over  of  many  statements  in  detail  gives  no  living  pict- 
ure. At  any  rate  the  sight  of  the  living  animal  first  brought  me  to  the 
consciousness  how  comprehensive  is  tbe  change  we  have  to  do  with 
here ;  that  by  no  meaua  does  it  merely  concern  those  parts  which  are 
directly  affected  by  the  alteration  in  the  mode  of  life,  but  that  most, 
if  uot  all,  parts  of  the  animal  undergo  a  transformation,  which  can  be 
very  well  esplaiued  in  part  as  the  morphological  adaptation  to  new  coo- 
ditiona  of  life,  in  part  as  consequences  of  these  adaptations  (correlative 
changes),  but  cannot  by  anypoasibiUty  be  explained  in  a  word  as  the  sud- 
denly appearing  effect  of  these  changed  conditions  of  life.  Such  at  least  is 
my  view,  according  to  which  a  sudden  development  of  the  species,  such 
as  must  have  takeu  place  here,  is  quite  inconceivable.  1  willingly  ac- 
knowledge that  a  few  years  ago  tbe  question  whether  such  sudden  de- 
Telopment  occurs  was  still  an  open  one  for  me,  but  since  then  my  invest- 
igations have  kept  urging  me  to  tbe  conviction  that  it  doeS  not  occur  at 
all,  as  I  shall  show  in  another  place.  Ilere  I  have  to  confine  myself  to 
the  esamination  of  this  individual  case;  a  case  which  appears  to  me^ 
as  was  above  intimated — qnite  peculiarly  suited  to  shed  light  decisively 
upon  the  great  alternative,  about  which  at  the  present  moment  tbe  war 
of  opinions  is  centered,  in  regard  to  the  doctrine  of  descent. 

I  may  well  assume  that  hitherto  it  has  been  with  most  students  in 
regard  to  the  metamorphosis  of  the  Axolotl  very  much  as  with  myself; 
it  did  uot  come  to  their  cousciousneas  how  far  the  transformation  goes  ; 
and  so  it  may  need  to  be  made  plain  that  the  theoretical  importance  of 
thecase  and  its  value  as  a  basis  of  inference  ^as  not  properly  emphasized 
by  either  side.  But  it  is  evidently  a  case  of  quite  unusual  significance 
for  tbe  principles  involved.  I  believe  it  may  be  easily  shown  that  tbe 
bithnrto  pretty  generally  ndmitted  explaoatiou  of  the  history  of  the 
Paris  Axolotrs  transformation  includes  at  tbe  same  time  tbe  recogni- 
tion of  a  very  far-reacbing  principle,  namely:  if  this  explanation  were 
the  correct  one,  then  in  my  judgment  would  beat  the  same  time  demoa- 
Ktrated  as  correct  tbe  opinion  of  those  who,  like  Kollikbb,  Askenast, 
Naoeli,  and  among  the  philosophers  Hartmann  and  Hubeb,  would 
refer  the  transmutation  of  the  species  in  the  first  instance  to  a  motive 
power  dwelling  within  the  organisms,  to  an  active,  t.  e.  spontaneous, 
"law  of  development,"  a  *' principle  of  perfection,"  or,  as  I  should  pre- 
fer to  name  it,  a  phyletie  vital  energy,  in  contrast  to  the  exactly  corre- 
«iponding  vital  energy  of  the  so-called  "philosopher  domain"  in  the 
uature  of  ontogenesis. 

If,  namely,  tbe  Axolotis  that  have  become  Amblystomas  are  to  be  taken 
as  individuals  which,  stimulated  by  external  iufluences,  have  hastened 
on  in  advance  of  tbe  remaining  individuals  in  their  phyletie  develop- 
ment, then  this  advance  can  only  be  placed  to  the  acconut  of  a  phy- 
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tetic  vital  energy;  for  the  transformation  is  a  snddea  ooe;  itleareano 
time  for  gradaal  adaptation  in  the  course  of  geoeratioDs.  Indirect  ioBa- 
eace  of  the  external  relations  of  life,  t.  e.  natural  selection,  is  accordingly 
excluded  from  the  first;  bntiitrect  infloenceof  the  altered  circnmstancw 
of  life  does  not  snfflce  by  a  great  way  to  explain  the  total  transforma- 
tioQ  of  the  whole  structure,  as  I  have  already  intimated  and  will  nov 
show  more  minately. 

The  distiuctiona  between  the  Paris  Axolotl  and  its  resulting  AmMy- 
stoma  are,  according  to  Dumi^ril,  KOllieeb,  and  my  own  ol)servatioDS, 
the  following : 

1.  The  gills  disappear,  the  clefts  of  the  gills  close  up,  and  only  the 
foremost  of  the  arches  of  the  gill  remains  in  existence;  tbe  other  arcbts 
vanish.    At  the  same  time  the  Oa  kyoideum  is  changed  (Dubc^bil}. 

2.  The  crest  on  the  back  disappears  entirely  (Ddu^bil). 

3.  Tlie  rudder-like  tail  changes  to  a  tail  like  a  salaniauder^s  (Duiii£bil), 
which  nevertheless  is  not  quit«  circular  in  section  as  in  the  salamander, 
but  is  somewhat  compressed  laterally  (Weismanw). 

4.  The  skin  gets  yellowish-white  patches,  irregularly  distribnted  on 
the  sides  and  the  back  (Duh£bil),  while  at  the  same  time  its  former 
ground  color  of  grayish-black  changes  to  a  shining  greenish -black  (  Weis- 
HANN),  and,  besides,  the  shiny  secretion  from  the  skin  is  lost  and  tbe 
glands  of  the  skin  become  indistinct  (Kollikeb). 

6.  The  eyes  become  prominent  and  tbe  pupils  small  (KOllikeb),  auO 
eyelids  are  formed  which  can  close  tbe  eye  completely,  while  in  tbe 
Azolotl  only  a  narrow  circular  fold  surrounds  tbe  eye,  and  it  cannot  be 
closed  (Weisuann). 

6.  The  toes  diminish  in  size  and  lose  their  skin-like  appendages  (Eol- 
LiEEB),  or,  more  precisely,  the  half  web-membranes  which  nnite  tbe 
inner  ends  of  the  toes  ou  ail  tbe  feet  (  Wbisuank). 

7.  The  palatal  teeth  in  this,  as  in  all  Amblystomas,  stand  in  a  diag- 
onal row,  while  in  the  Axolotl,  like  the  Triton  larvfe,  they  stand  at  tbe 
side  of  tbe  palatal  vault  forming  an  arched  band,  with  several  rows  of 
teetb.*  (Ddm^bil.  See  bis  figure.  Zeitscbrilt  f.  wissensch.  Zool.,  isv 
Bd.,  Sup.,  p.  279.) 

8.  In  tbe  Axolotl  the  under  jaw  has,  besides  the  teeth  on  tbe  npper  edge 
of  the  bone,  some  very  small  teeth  disposed  in  seveml  rows ;  these  latter 
disappear  id'ter  the  metamorphosis  (Duai^RlL).  I  add  that  the  perinaneut 
teeth  belong  to  the  os  dentate,  tbe  temporary  ones  to  tbe  o»  opercularr-i 

*  Dum£ril  baa  tbe  Uetb  of  tbe  vomei  aeparated  fiom  those  of  tbe  m  palnliim  by  a 
gap.  Probubly  thU  waa  an  Brtifloiai  one,  as  QACBMBittlB  (FftlBDniCH  &.  Qaobkbiik. 
"Der  Sobadel  des  Axolotl"— Tbe  SbaU  of  tbe  AxoloU— WUnbarg,  1S49)  figore*  Ibe 
rowB  of  teetb  witboDt  iaterraptiOD,  poaalog  over  from  one  bone  to  tbe  other.  T1j« 
■aoie  waa  trae  id  three  AxoIuCla  which  1  examined  in  regard  to  this  poiat;  inoreoi^er, 
this  little  differeuoe  is  quite  animporlnal  iu  tbe  qaeatiou  here  ti«ated. 

1 8eo  0-  HSRTWia,  "  Ueber  daa  ZahnsfHtem  der  AmphibieD  ond  seiae  Bedrutnnfc  (Hr 
die  Oeneaia  <les  Skelets  der  MundbOble."  (On  tbe  Dental  S;etem  of  tbe  Amphibia,  tai 
■ta  SigniBcnnce  for  tbe  Oenceia  o(  tbe  Skeletoo  of  tbe  Moutb.)  Arch.  f.  Uikroskop. 
Aoat.,  Bd.  si,  SapplemeDthtft,  11174. 
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9.  The  poatetior  face  of  eacb  vertebra  is  slightly  hollowed  oat  before 
as  after  the  tniDsformatioD,  bat  the  anterior  face  is  leas  concave  in  the 
Amblyaioma  tbaa  in  the  Siredon  (Dvh£bil). 

The  details  cited  from  Dum^bil  aoder  7  and  9 1  hare  not  so  far  been 
able  to  conflrm  b;  personal  examiaatioo,  as  I  was  not  willing  to  kill  any 
of  my  licinij  Amblystomas,  only  for  the  purpose  of  verifying  the  details 
of  a  naturalist  in  whom  perfect  confidence  may  surely  be  reposed.  Id 
like  manner,  I  have  not  yet  seen  the  change  in  the  arches  of  the  gills. 
All  the  other  data  given  b;  KSlliseb  or  Duk^eil  I  can  corroborate 
completely. 

The  differences  in  strncture  which  exist  between  Axoloti  and  Am- 
blystoma  are  considerably  greater  and  more  importaDt  than  those 
between  neighboring  genera,  yes,  greater  than  are  found  between 
the  familiea  of  the  Urodela,  The  genus  Siredon  without  any  doubt 
belongs  to  a  different  suborder  from  the  genua  Arnhlygtoma,  into  which 
it  is  occasionally  transformed.  Stbauch,  who  has  made  the  liitest  ar- 
rangement of  tliis  group,  separates  the  suborder  of  tbe  Salaraattdrida 
from  that  of  the  Ickihyodea  by  the  posseEsion  of  eyelids  and  by  tbe 
position  of  the  palatal  teeth  iu  a  simple  row  on  the  posterior  edge  of  the 
palatal  bone  ;  while  in  the  Ickihyodea  the  lids  are  wanting  and  Ibe  pal- 
atal teeth  either  "  stand  on  the  front  edge  of  the  palatal  bone  or  cover 
the  whole  surface  of  the  palate  aa  brush-like  clnsters."  How  would  it 
be  possible  now  to  regard  anatomical  characters  standing  so  fiir  asunder 
as  traosfurmations  which  bad  been  suddenly  called  forth  by  a  single 
operation  of  varying  conditions  of  life  I 

Baud  in  band  with  the  falling  out  of  the  old  palatal  teeth  and  tbe  ap- 
pearance of  new  goes  a  change  in  the  anatomical  strncture  of  the  verte- 
bral column,  and,  as  we  may  conclude  from  K5lliK£b's  entirely  ac- 
carate  observation  on  the  stoppage  of  the  slimy  secretion  from  the  skin, 
in  the  histological  structure  of  tbe  skin  itself. 

Who  would  undertake  to  esplaiu  all  these  deep-lying  changes  as  the 
direct  and  sudden  efTect  of  any  external  indnences  whatever  operating 
but  oncet  And  even  if  any  one  bad  an  inclination  to  explain  them  as 
results  of  tbe  loss  of  the  gills,  and  therefore  as  correlative  ekanges,  what 
would  snch  a  correlation  be  but  the  oewly  christened  vital  energy  above 
spoken  oft  For  if  from  one  variation  caused  by  direct  infiuence  of 
external  agencies  tbe  whole  body  can  through  correlation  transform  itaelf 
in  a  couple  of  days  Just  so  in  all  its  parts  as  it  appears  best  adapted  for 
the  new  conditions  of  life  in  which  it  is  henceforth  to  be,  then  the  word 
correlation  is  only  a  term,  by  which  nothing  is  explained,  but  the 
search  for  a  better  explanation  is  hindered.  Then  it  is  preferable  that 
we  simply  acknowledge  onr  belief  iu  a  phyletio  vital  energy. 

Moreover  it  certainly  is  not  allowable  even  to  wish  to  seek  an  explana- 
tion of  that  sort  (by  correlation),  for  tre  know  some  Urodela  in  the  adult 
stale  have  no  gills,  and  yet  possess  all  other  marks  vf  the  Ichthyodea  :  luck 
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of  tbe  eyelids,  characteriBtic  type  of  tbe  pulatal  teetb,  nnd  of  tbe  arrange- 
uientof  tbe  liugaal  booes.  Sucb  are  the  genera  ^mj>AttiiHa  L.,JUeii<>- 
poma  Harl.,  and  Cryptobranokus  y,  d.  Hoev.  Tbe  first  tno  genera,  as  \t 
well  known,  still  have  the  clefts  of  the  gills.  Cryptobrafwhus,  ou  the 
coDtrary,  taaa  lost  these  cle^s,  which  are  grown  over  with  skin  as  in  the 
Amblyatoma,  aud  yet,  by  tbe  unanimous  testimony  of  all  systematic 
zoologists,  it  is  a  genuine  flsh-Iizard  in  habit,  arrangement  of  the  lingual 
bone,  palatal  teeth,*  &c  It  mast  be  added  that  even  the  Axoloil  Uulf 
may  lose  the  gilU  icithout,  on  tJtat  account,  changing  to  an  Amblssloma,  1 
have  meotioued  elsewhere  that  la  Axolotis  which  are  kept  in  watertbat 
is  shallow  and  still,  tbe  gills  frequently  grow  small ;  but  it  also  happens 
that  they  shrivel  up  entirely.  I  have  an  Axolotl  preserved  iu  spirits, 
in  which  the  gills  are  shriveled  to  little  irregular  bunches;  at  tbe  same 
time  the  crest  on  the  back  is  so  completely  wantiug  that  a  longitadinal 
furrow  has  appeared  iu  its  place,  and  on  the  tail  the  border  of  skin  has 
entirely  vaoished  from  tbe  lower  margin,  and  about  half  from  the  u|iper. 
Nevertheless,  tbe  animal  is  widely  separated  iu  structure  from  tlie 
Amblystoma :  it  has  tbe  arches  of  tbe  gills,  the  palatal  teetb,  tbe  skin, 
&c.,  of  tbe  Axoloil. 

This  demonatraiea,  therefore,  that  the  loss  of  the  gills  by  no  means  tauit 
always  bring  after  it  all  the  other  variatiom  ichich  we  see  take  place  in  tie 
inetamorphosis  of  the  Axolotl;  that  these,  tlierefore,  are  by  uu  meant  tke 
necessarily  and  immediately  appearing  result  of  that  loss.  Whether  they 
must  necessarily  appear  after  long  successions  of  generatious,  whether 
also  the  descendants  of  Cryptobranchus  will  sometime  in  the  future  take 
tbe  structure  of  tbe  Salamandrida,  that  is  another  qnesttou  which  I 
should  not  like  to  answer  just  in  tbe  negative,  but  which  does  not  come 
into  the  account  here,  ^s  we  ore  considering  ouly  a  possible  sudden  resnlt 
from  tbe  loss  of  the  gills. 

The  question,  therefore,  seems  to  stand  thus :  Either  ovir  apprekeniim 
vp  to  this  time  of  tke  transformation  history  of  the  Ajx'otl  us  a  further 
development  of  the  species  is  incorrect,  or  the  exixtence  of  a  phyletic  pitol 
energy  is  demonstrated  by  the  case  of  the  Axoloil  beyond  the  possibility  of  a 
refutation. 

Now  tbe  question  comes  up,  whether  the  facts  of  this  transformatioD 
history  do  not  also  admit  of  another  explaoatiou.  I  bt'lieve  that  tbie  is 
at  any  rate  possible  and  that  another  iuterpretatiou  may  be  shown  as 
the  correct  one  with  a  good  degree  of  probability. 

/  esteem  those  Amblystomas  which  in  iitdividval  cases  have  developed  in 
ctrnfiieiHentfrom  Siredon  Mexicanus  {syn.  pisciformis),  as  well  as  from  the 
Paris  Axolotl,  not  as  forms  of  advancement,  but  forms  of  retrogression. 
I  believe  that  the  Axolotk  which  to-day  live  in  the  lakes  of  Mexico  trere 
already  Amblystomas  a  geological  {or  better  a  zoological)  epoch  earlier,  but 

*Be«  Straucb,  Zeitsclirift.  f.  WiBsenscb.  Zuol.,  xxv  Bd.,  Soppl.,  p.  10. 
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that  through  alteratiom  in  their  conditiona  of  life  they  have  sunk  back  to 
their  earlier  stage  of  the  Ferennibranchiates. 

Witbout  doubt  I  was  first  leil  to  Ibis  iutepretation  by  the  results  I 
had  reached  io  my  stndies  ou  the  Beasou-dimoritbism  of  butterSies.* 
There  also  we  have  the  question  of  two  difforeut  forms  under  which  odo 
and  the  same  species  appears,  and  of  which  it  muy  be  proved  as  |trob- 
able  that  one  is  phyleticully  the  older,  tbo  other  the  younger.  The 
younger  summer  foim  has  iu  my  view  proceeded  through  the  graduitl 
warming  of  the  climate  from  the  winter  form  that  in  an  earlier  zoologi- 
cal epoch  was  the  only  one }  but  tliis  latter,  the  primary  form,  has  uot 
ou  that  account  ceased  to  exist,  bnt  t^t-duy  still  alternates  every  yeur 
with  the  secondary,  the  summer  form. 

Now  it  is  easy  with  the  seasou-dimorplions  butterflies  to  make  the 
summer  brood  assume  the  winter  form,  aud  that  by  exposing  their 
pupn  rather  a  long  lime  to  a  lower  temperature;  and  It  may  be  made  iu 
the  highest  degree  probable  that  this  suddenly  appearing  variation  or 
trail sformation,  often  very  far  reaching,  is  sudden  in  appearance  only, 
and  is  but  apparently  the  result  of  cold  acting  upon  this  generation. 
Much  rather  io  truth  the  variation  depends  upon  a  reversiou  to  the 
primary  form  of  the  species,  and  therefore  the  cold  that  appears  but 
oace  \8  only  the  impulse  to  the  reoersioit,  hat  not  tiie  true  cause  of  tite  traits- 
formation.  This  cause  must  be  sought  in  the  long-continued  operation 
of  the  cold,  to  which  thousands  of  generations  of  the  ancestors  of  our 
living  butterflies  were  subjected,  and  whose  final  result  was  just  the 
ivinter  form. 

If  we  DOW  assume  for  a  moment  that  my  interpretation  of  the  Axolotl's 
transformation -history  as  just  given  is  correct,  we  have  relations  here 
wbicb  nre  iu  many  respects  analogous  to  those  of  the  season -dimorphism. 
To  be  sure  the  two  forms  in  this  case  no  longer  alternate  regularly  with 
each  other,  but  the  primary  form  may  occasionally  appear  in  place  of  the 
secondary,  aud  this  result  from  the  shock  of  external  circumstances. 
As  there  we  succeed  in  stimulating  the  summer  brood  by  the  action  of 
cold  to  lay  aside  the  summer  form  aud  adopt  the  winter  dress,  so  here 
we  are  able  to  lead  the  Axolotls  into  the  Amblystoma  state  by  com- 
pelling tbem  at  a  certniu  age  to  breathe  air. 

Further,  as  in  the  season  dimorphism,  it  may  be  shown  that  this 
transformation  called  forth  by  artificial  meaus  is  only  in  appearance  a, 
sudden  new  formation,  but  in  truth  a  reversion  to  the  much  older  win- 
ter form,  so  here  we  also  had  to  do,  not  with  an  actual  new  formation  of 
the  species,  but  only  with  an  apparent  one,  a  reversion  to  the  phyletically 
older  form  of  the  species.  To  be  sure  that  sounds  very  paradoxical  if 
here  is  a  form  that  must  have  come  by  reversion,  and  yet  it  must 
undoubtedly  be  accounted  ns  the  more  highly  developed.     But  I  believe 

'  Stadien  zur  Deaceiideaztlieorie,  I.  Ueber  deu  SaiBOD-Dimorphliim  der  Sohnetter- 
)in)^  (Studios  on  tbe  DooliiDe  of  Deaoent,  I.  Qd  the  SeoaoD-DimoTphiam  of  Bntt«r- 
flies),  Leipsic,  1ST  5. 
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tbat  on  more  carefut  cooaideration  mnch  of  tbe  paradox  whic^  seems  t» 
lie  iu  this  view  vill  disappear. 

Before  all  else,  it  is  u»  be  coosidered  that  tbe  pbyletic  developmfDt 
of  tbe  species  ueed  by  no  means  have  always  gone  directly  forwaid. 
We  bare  examples  eooagh  of  development  backward,  altbongh  iu 
rather  a  different  seuse,  as  in  parasites  and  sach  forma,  which  have  sank 
from  free  locomotion  to  tbo  sedentary  mode  of  life.  I  do  not  ijpiote  tb« 
diff«reuce  which  exists  t>etweeu  this  sort  of  development  backward  b? 
tbe  pining  away  of  certain  organs  or  systems  of  organs,  and  proper  re- 
version. The  latter  is  the  return  to  an  animal  form  already  once  exiilent, 
bat  in  tbe  former  case,  in  spite  of  all  sioapU&cation  of  tho  organieatioo, 
something  wholly  neic  is  always  formed.  Bat  I  am  able  to  see  notbiog 
absurd  as  to  principle  iu  the  snppositioD  that  a  pro|>er  reversioo,  alao, 
be  it  of  a  whole  species  or  of  the  individnols  of  a  species  witbia  a  cer 
tain  habitat,  is  thought;  of  as  jwuiAIe,  and  I  do  not  for  tbe  present  deonand 
a  further  'Kincessiou.  Why,  for  eiample,  should  it  be  so  eutirel}  in- 
credible that  the  Aznlotl,  in  a  time  long  past,  was  adapted  to  living  on 
tbe  land,  that  it  gradually,  throagb  direct  and  indirect  operation  of  al- 
tered conditions  of  life,  had  acquired  the  salamander  form,  but  tbaE 
later,  by  anewchaugeof  tbe  circnmstances  of  life  unfavorable  to  ite  pres- 
ent organizatioD,  it  has  again  fallen  back  into  the  old  form  or  one  Ijiog 
near  it  f  At  any  rate,  such  a  supposition  contains  nothing  which  woald 
staud  iu  coDtradiotion  with  well-knowu  facts,  but  can  be  sastuned  iu 
several  ways ;  and  finally,  it  recommends  itself  by  furuishiog,  at  least 
in  my  opinion,  tho  only  possible  explooation  of  tbe  facts  before  as. 

The  above-mentioned  existence  of  a  whole  group  of  species  of  Amblg- 
stoma  shows  at  once  that  species  of  Siredon  can  rise  to  tbe  salumaod^ 
form,  and  can  regularly  propagate  io  that  form  j  and  farther,  that  this 
phyletio  advance  has  already  actnally  taken  place  in  very  many  species. 
But  that  a  sinking  back  from  this  bigber  stage  of  development  to  tbe 
lower  can  also  take  place,  several  observatioos  on  our  water  salaman- 
ders show. 

It  is  well  known  that  Tritons  under  some  circamstsnces  become,  as  it 
is  usually  expressed,  "  sexaally  mature  in  tbe  larval  state." 

In  tbe  year  1801  De  Fllipfi*  found  iu  a  swamp  by  Lake  Moggiore 
Bfly  Tritons,  of  wbicb  only  two  showed  the  structure  of  tbe  fall  gron'u 
water  salamander ;  but  all  tbe  others  still  had  tbeir  gills,  yet  corre- 
.^pouded  to  mature  auimals  in  bodily  size  and  iu  the  development  of  tbe 
sexaal  organs,  and  that  iu  both  sexes. 

FiLiFFi  determined  tbe  fact  that  these  "sexually  mature  larvie"  did 
not  merely  resemble  larvte  externally  by  tbe  possession  of  gills,  but  that 
they  also  preseuted  all  the  other  anatomical  marks  of  tbe  larvffi ;  that 
is,  the  characteristic  clnsteni  of  palatal  teeth  standing  on  bolb  sides, 
iustead  of  the  later  simple  row,  aud  a  vertebral  column,  which  still  has 
the  CItorda  dortalU  running  through  its  whole  leugtb. 

•  Sulla  lar»ft  del  Tritoa  alpi>-'-'-    '  --•>ivio  per  1»  Zoologia,  1861, 
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According  to  my  view  tUia  would  be  a  case  of  reversion  of  ike  Triton 
to  the  phi/letio  stage  lying  next  behind  it,  (hat  is,  the  Perennibranckiate  stage  ; 
and  iD  this  case  most  zoologists  wfao  staod  at  all  upon  the  footiog 
of  tbe  doctrine  of  descent  will  agree  with  my  view.  I  at  least  would 
cooDt  it  a  profitless  playiug  with  words  if  any  oue  should  speatc  here  of 
larval  reprodaction  and  believe  he  bad  thereby  explained  anything.  Id 
any  event  the  animal  becomes  sexaally  mature  in  tbe  condition  in  which 
it  first  appears  as  a  larva.  But  we  first  get  an  insight  into  the  nature  of 
this  phenomeaon  by  tbe  reflectioa  that  tliis  so  called  "seznally  mature 
larva  "  has  precisely  the  structure  which  the  preceding  pbyletic  stage 
of  tbe  species  must  have  possessd  ;  that  therefore  we  have  a  reversion 
of  the  individual  to  tbe  oldvr  phjietic  stage  of  tbe  species.  I  es- 
teem it  at)  error  when  Dum£bil  puts  this  case  of  the  Triton  in  par- 
allel with  the  genuine  larval  reproduction  of  WagnBb's  Ceeidomyia 
larve.  There  it  i^  certainly  not  reverbion  to  an  older  pbyletic  stage 
wbicb  makes  tbe  lurvie  capable  of  reproduction  ;  for  these  lorvse  present 
no  older  pbyletic  stage  of  the  species,  but  must  have  arisen  at  the  same  time 
Kith  the  gpedes  in  ita  present  fjrm.  The  vast  difference  in  the  structure 
of  the  larva  and  the  fly  is  not  explained  by  assuming  that  tbe  latter 
has  arisen  from  the  former  as  from  a  finished  given  quantity,  but  by 
this,  that  both  at  the  same  time  have  adapted  themselves  to  conditions 
of  life  furt.ber  from  each  other,"  Regarded  phyletically,  these  larvie  are 
not  at  all  a  necessary  point  of  transit  for  the  origin  of  the  fly.  They 
eoultl  also  be  built  quite  otherwise,  witbont  the  form  of  the  fly  needing 
to  be  likewise  cbauged ;  for  the  stages  of  insect  transformatioa  vary 
independently  of  each  other,  corresponding  to  the  conditions  of  life  to 
which  they  are  sabjected,  and  exert  no  influence  upon  each  other,  or 
only  a  very  slight  one,  in  the  determination  of  form,  as  I  shall  attempt 
to  demonstrate  in  another  place.  At  auy  rate,  "the  ability  of  thesd 
lorvEe  (the  Ceeidomyia)  to  multiply  asexually  bas  first  beeu  acquired  as 
a  secontbry  matter,  as  already  follows  from  the  fact  that  there  are 
numeroas  species  of  the  same  genua  of  flies  which  do  not  feed  their 
young."  *'  lu  Che  form  wbicb  they  possess  to-day  they  can  never  have 
played  tho  part  of  the  final  stage  of  ontogenesis,  aud  therefore  also 
cannot  have  possessed  at  a  former  time  the  power  of  sexual  repro- 
daction.f  In  short,  we  have  to  do  here  with  genuine  larval  reproduction, 
bat  in  the  Tritons  with  reversion  to  au  older  pbyletic  stage. 

Kor  can  I  agree  with  my  friend  Haeokel,  when  he  designates  tbe 
reversion  of  tbe  Tritons  as  "adaptation  to  continued  life  in  the  water."  t 

One  would  only  be  able  to  speak  of  "  adaptation  "  in  this  case  by  tak- 
ing the  word  in  a  sense  quite  different  from  that  with  wbicb  Dabwin 
■  Compue,  also,  LcBBOCX,  Od  Ibe  Origin  uid  UetamorpbiMes  of  Inaect*.    ZiOudoD, 

is;4. 

tSco  my  paper  "Uebec  dea  SaiMn-Dlmorphismiu  der  Schmetterlioge,"  Leiptic. 
1S73,  p.  CO. 
tSee  Haecsel's  AnthropogeDiejp.  449. 
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'''^'^  of  tbe  same  fciDil  I  find  cited*  by  Setdig,  in  bis  essa.v, 

"^^    ..         .ilche  der  WiirtetnbergtgcbeD  Fanna"  (On  tbe  SalmnaDder^ 

1^  ■*       ofWUrtemberg),soricbinintere8tiogdetaiI.  ScnEEiBERS, 

.■■^^*.^  lUrector  of  the  Vienna  Cabinet  of  Natural  History,  liliewiBe 

./^*  .■v!B"ofTritonwitbgiIl8welIdeveloped,butoftheaizeof*'ndult 

^  and,  aa  anatomical  examination  showed,  with  well  developed 

'%  organs,  as  well  as  ovaries  filled  with  eggs. 

,  therefore,  it  is  established  that  species  wbicb  long  ago  attained 
stage  of  Salaiuandrida  in  the  phyletic  development  may  occasionally 

Ilk  back  to  the  stage  of  Perenni branch iates.  Evidently,  this  fact  makes 
my  view  of  the  Axolotl  as  a  form  of  reversion  appear  much  less  para- 
doxical. Indeed,  the  cases  of  reversion  in  the  Triton  are  directly  anab 
ogons  to  the  transaction  I  snppose  for  the  Axolotl. 

We  only  need  suppose  Amblyatomas  in  the  place  of  the  Tritons,  and 
consider  the  swamp  in  which  de  Filippi  foand  bis  *' sexually  mature 
Triton  lamB"  expanded  to  the  Lake  of  Mexico,  regarding,  also,  the  nn- 
known,  and  perhaps  in  this  case  temporary,  canses  of  tbe  reversion  as 
permanent,  and  we  have  everything  which  is  necessary  to  the  restoration 
of  tbe  Axolotl  as  we  know  it  to-day,  tee  obtain  a  Perennibranchiate  popu- 
lation  of  the  lake. 

It  is  not  even  yet  determined  whether,  in  that  swamp  of  de  Filippi 
tbe  Perennibranchiate  form  of  tbe  Triton  does  not  actually  prevail  per- 
manmtly,  for  it  ha3  not,  to  my  knowledge,  been  examined  since  in  regard 
to  this  subject. 

But  if  we  assume  for  a  moment  that  it  actnally  were  so,  that  a  colony 
of  Perennibranchiate  Tritons  lived  there,' carrying  on  reproduction  sexu- 
ally, sboald  we  wonder  if  occasionally,  also,  a  genuine  Triton  came  from 
our  brood,  if  we  conid  succeed  in  stimulating  most  individuals  of  this 
brood  by  removal  into  shallow  water  to  the  metamorphosis  into  Tritons  t 
But  jnst  so  it  is  according  to  my  view  with  tbe  Mexican  Axolotl. 

Bat  I  need  not  limit  myself  to  support  my  hypothesis,  but  moat  also 
directly  assail  tbe  tenability  of  the  one  hitherto  held,  for  it  stands  in  op- 
position to  facts. 

If  we  really  bad  in  the  Axolotl  a  suddenly  occurring  phyletic  further 
development,  then  one  fact  would  remain  wholly  incomprehensible, 
namely,  the  steriliti/  of  the  Amhlystomas, 

Of  abont  thirty  Amblyslomas  which  DnmiSril  bad  obtained  up  to  the 
year  1870,  full  sexual  maturity  had  not  appeared  in  a  single  one ;  neither 
copulation  nor  tbe  simple  laying  of  eggs  ba<l  taken  place,  and  the  indi- 
viduals that  were  cxumitied  anatomicaUy  showed  the  eggs  immature  and 
tbe  spermatozoa  present  indeed,  but  without  the  undulating  membrane 
belonging  to  all  the  Salamandrida.  They  were  not  destitute  of  ell  power 
of  motion,  but  ns  Quatrefages  stated,  only  moving  imperfectly.! 


*  Arcbiv  f.  Nutargeiicbicbte  (Atobives  for  Natnral  History),  IHSJ. 
t  Cumpt.  Guild.,  t.  Ixx,  1^.70. 
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The  five  Amblystomas,  on  wliicb  I  have  reported  Uere,  bave  sboim,  up 
to  the  preseat  lime,  do  appearances  of  repro<lactiou. 

It  is  evideoti;  an  objection  that  will  very  poorl;  stand  tbe  test  vbeo 
Sacc  *  Dttribates  the  sterility  of  tbe  Amblystomas  reared  from  Axolotis 
to  "pooT  food."  Why,  then,  do  the  Axolotls  reproduce  so  easily  vbeo 
they  are  fed  exactly  the  same  f  I  can  also  state  ezpreKsly  that  my  Am- 
bl.vstomas  arequite  excelleotly  fed.  To  be  sore,  these  bave  hardly  reached 
the  age  of  ooe  aod  a  half  years;  bat  the  Axolotls  propagate  the  Eecond 
year,  aod  some  of  Dum^bil's  Amblystomas  were  five  years  old  id  1870. 

The  fact  of  sterility  stands  in  clear  opposition  to  tbe  view  that  tbeee 
Amblystomas  are  the  regalar  advanced  guards  of  the  genus  Siredon  as 
it  moves  forward  in  phyletic  development.  To  be  sure  I  will  by  no 
means  maintain  that  my  theory  of  reversion  could  actually  explain  tbe 
sterility,  but  at  least  it  does  Dot  stiuid  directly  in  contradiction  nitb  it. 
Mere  forms  of  reversion  may  perish  without  reproducing  tbemaelTes. 
A  new  form  called  forth  by  the  working  of  an  unknown  phyletic  vital 
energy  cannot  be  a  sterile  one,  because  this  directly  destroys  again  tbe 
"purpose"  which  tbe  vital  energy  is  pursuing.  Tbe  idea  of  the  vital 
energy  includes  that  of  teleology. 

Moreover,  from  our  stand-point  the  sterility  of  the  Amblystomas  ma; 
he,  if  not  completely  understood,  yet  shown  as  a  pheuomenoD  that  doe) 
not  stand  quite  alooe.  In  the  case  of  the  LisaotriUm  punetatus,  as  qaoted 
above,  the  female  "  larvie  "  were  at  any  rate  Bexnally  mature  and  laid 
eggs,  bnt  at  the  same  time  the  males  had  uo  perfected  spermatozoa  in 
the  testicles. 

Other  cases  of  the  kind  are  not  knowD  to  me.  At  the  time  when  I  made 
my  experiments  with  butterflies,  as  mentioned  above,  this  point  of  viev 
was  still  unseen,  ajid  so  I  neglected  to  examine  the  artificially  produced 
forms  of  reversiou  in  regard  to  their  organs  of  generation.  But  genei^ 
principles  also  lead  to  the  conclusion  that  atavistic  forms  may  easil; 
remain  sterile. 

Dabwin*  finds  the  most  immediate  causes  of  sterility,  first,  in  tbe 
oi)eration  of  widely  varying  circumstances  of  life ;  and,  Becond,  in  tbe 
crossing  of  individuals  with  widely  differing  constitutions.  Yaiying 
circumstances  of  life  are  at  any  rate  what  induce  tbe  transformation  of 
the  Axolotl,  and  from  this  point  of  view  it  could  not  be  snrprising  if  ve 
find  those  individuals  sterile,  which  have  precisely  shown  themselves  as 
especially  affected  by  these  altered  conditions  of  life,  since  they  bave 
reverted  to  the  salamander  form.  In  this  reasoning  it  is  by  no  means  as- 
serted that  reversion  always  and  icithout  exception  ia  accompanied  by  ster- 
ility. Nor  can  it  be  objected  to  my  interpretation  of  the  Axolotl's  trans- 
formation that  through  reversion  a  colony  of  Axolotls  cai>able  of  reprodac- 
tioD  never  could  bave  arisen.    On  the  contrary,  Jullien's  female  Triton 

'Ball.  Soo.  NeacbAtel,  Bd.  viil,  p.  192,  a  refeience  to  tbe  place  Id  Troachel's  Jthm- 
l>ericlit  (Aonnal  Beport),  for  1369. 
'Originof  Species,  Otb  edition,  p.  325. 
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larvfB  that  laid  eggs  exactly  prove  tbat  even  in  rerersion  tbe  power  of 
reproduction  may  remain  complete.  From  the  universal  causes  of  Hter- 
ility  mentioned  above,  it  may  be  inferred  that  throngb  those  causes 
rrnitfaluess  may  be  lost  id  different  degree;  and,  further,  it  may  Id  a 
measure  be  understood  why  the  frnitfulness  is  more  completely  lost  in 
the  reversion  to  the  Amblystoma  form  than  in  the  reversion  of  the  Tri- 
ton to  the  PerennibraDchiate  form. 

If  in  these  cases  the  reversion  is  called  forth  by  alteriug  the  con- 
ditions of  life,  one  may  perhaps  imagine  that  tbe  extent  of  this  altera- 
tion will  also  fls  tbe  degree  of  fertility  which  tbe  atavistic  form  can  pre- 
sen'e ;  but  still  more  v\l\  the  fertility  be  influenced  by  the  extent  of.  the 
morphologieal  skip  which  is  made  in  the  reversion. 

We  know  that  the  blending  of  widely  varying  constitutions  {e.  g.,  in 
the  crossing  of  different  species)  produces  sterility.  Something  similar 
takes  place  also  in  the  sadden  reversion  to  a  stage  of  development  widely 
varying  in  its  whole  structure.  Here  also  takes  place  to  a  certain  extent 
the  anion  of  two  very  different  constitutions  in  one  individual,  a  sort  of 
crossing. 

From  this  point  of  vieir  it  may  be,  to  some  extent,  noderstood  why 
sterility  may  be  a  result  of  the  reversion,  but,  on  the  other  hand,  we  ob- 
tain no  explanation  why  with  the  same  breadth  of  morphological  varia- 
tion there  occurs  in  one  case  complete  sterility,  in  the  other  relative 
fmitfuluess.  The  extent  of  the  morphological  contrast  is  exaetly  the 
same  between  Axolotl  and  Amblystoma  as  between  Triton  and  its 
"sexually  matnre  larvce."  The  difference  in  the  two  cases  of  reversion 
lies  entirely  iu  the  direction  of  tbe  skip,  which  in  the  &rst  case  is  made 
exactly  iu  tbe  contrary  direction  to  that  iu  the  second. 

Just  in  that  I  would  seek  the  reason  for  the  varying  force  with 
which  the  power  of  reproduction  is  affected ;  not  in  the  direction  of  the 
leap  in  and  for  itself,  but  in  the  differences  of  the  ontogenesis,  which 
are  conditioned  upon  the  direction  of  tbe  leap. 

The  reversion  of  the  Triton  to  on  older  phyletio  stage  coincides  with 
remaining  upon  a  younger  ontogenetic  stage ;  or,  in  other  words,  the  older 
stage  of  phylogenesis,  to  icltich  the  reversion  taJces  place,  is  still  entirely  in- 
cluded in  the  ontogenesis  of  every  individual.  Every  Triton  is  a  Perenni- 
branchiate  for  a  considerable  portion  of  its  life;  the  individual  that 
makes  the  reversion  simply  reverts  to  an  older  phyletic  stage  by  re- 
maining iu  the  larva  stage  of  its  individual  development. 

Quite  otherwise  with  tbe  reversion  of  the  Axolotl  to  tbe  Amblystoma 
form,  which  had  been  once  reached  at  some  former  time,  but  long  since 
given  up.  This  is  not  included  in  the  ontogenesis  of  the  Axolotl,  but  has 
entirely  fallen  out.  For  a  long  succession  of  generations — so  we  must 
suppose — the  ontogenesis  has  always  proceeded  only  to  tbe  Perenni- 
hranchiate  form.  If  now  single  individuals  are  made  t«  revert  to  the 
Amblystoma  form,  no  greater  leap  in  respect  to  morphology  is  made 
than  in  the  reversion  of  tbe  Triton  to  the  Pereuuibranchiste  form.    At 
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the  same  time  it  inrolves  a  leap  in  an  opposite  direction,  namely,  a  leap 
away  over  a  loDg  snccfssion  of  gpoerations,  back  to  an  animal  form, 
which  for  a  long  time  tbe  species  bad  not  produced,  which  to  a  certain 
extent  had  become  foreign  to  it 

We  should  therefore  have  here  also  the  coincident  eflfect  npon  tbo 
Axolotl's  constitution  of  a  widely  different  constitution,  or — if  one  pre- 
fers—the blending  of  two  widely  varying  constitutions. 

Of  course  I  am  very  far  from  wishing  to  gtvo  this  explanation  for  an 
ezact  one.  It  is  nothing  more  than  an  attempt  to  point  out  the 
force  in  which  we  are  to  seek  for  the  cause  of  the  varying  extent  to 
which  the  power  of  reproduction  is  oBccted.  To  investigate  mon 
deeply  and  to  demonstrate  specially  in  what  manner  this  force  comes 
into  operation  must  be  left  to  a  later  time.  For  tbe  present  it  most 
suffice  to  have  showD  in  this  connection  that  in  general  an  essential 
difTerence  exists  between  tbe  two  kinds  of  reversion,  as  well  as  to  hare 
made  it  in  some  measure  comprehensible  that  this  difference  maybe 
the  motive  force  in  relation  to  tbe  qnestion  of  sterility.  Perhaps  tbe 
law  involved  here  may  some  day  be  formulated  thus :  Aiavi«tic  indintt- 
uala  lose  the  power  of  reproduction  the  more  completely  ae  the  series  of 
generations  of  their  ancestors  is  longer  whose  ontogenesis  no  longer  coutam 
the  phyletically  older  stage  to  which  the  reversion  takes  place. 

Consequently  our  hypothesis,  which  regards  tbe  transformation  of  tbe 
AxolotI  OS  a  reversion,  offers  us  at  once  the  possibility  of  learning  to 
onderstand  the  sterility  of  the  Amblystomaa  prodaced  from  Axolotls. 
So  on  the  contrary  the  observed  sterility  of  these  Amblystomas  is  for 
those  who  think  that  a  phyletic  vital  energy  was  here  exertf  d — let  it  be 
named  whatever  it  may — not  only  "a  veritable  scientific  enigma,"  its 
DUH^Blli  expresses  himself,  blit  a  complete  parodox.  Of  such  a  design- 
ing, impelling  principle  it  oaght  to  be  expected  that  it  would  bring  forth 
new  forma  capable  of  life  and  not  decayed  to  the  point  of  dying  out ;  aD<l 
this  so  much  tbe  more  since  there  is  concerned  a  combination  of  struc- 
tural peculiarities,  which,  when  it  has  originated  in  another  way  (namely, 
from  other  species  of  Siredon),  has  already  long  ago  showm  itself  capable  of 
life  and  reproduction.  We  know  species  of  Amblystoma  which  reproduce 
as  snch,  and  every  one  of  which  comes  from  a  larva  like  the  Axolotl.  One 
cannot,  therefore,  explain  the  sterile  Amblystomas  which  the  Paris  Axo- 
lotl produces  as  an  unsuccessful  effort  of  tbo  vital  energy — an  esplana- 
tion,  which  to  be  sure,  would  be  in  and  for  itself  sufficiently  presump- 
tuous. 

But  now  it  may  be  asked,  What  change  in  the  conditions  of  life  could  It 
have  been  which  made  the  Amblystoma  m  the  Lake  of  Mexico'  revert  to 
the  Siredon  form  ?  To  be  sure,  I  can  only  answer  this  question  with  con- 
jectures, which  can  claim  but  a  limited  value  so  long  as  they  cannot  be 
su^tiiined  by  a  more  exact  knowledge  of  the  circumstances  there  and 
tbe  habits  both  of  the  Axolotl  and  the  Amblystoma.        ^ 

•As  wa  lio  not  kuow  tbo  origin  of  tbe  PariH  Axulutl,  1  munt  cuutiae  mjteli  in  the 
foUowiUf:  to  Siredon  Slixieanai  Shaw.  C\)i)o\c 
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lu  geDeral  it  may  be  presumed  that  *Ac  same  external  tnjluencea 
demanded  the  reversion  which  at  an  earlier  time  called  forth  the  formation 
of  the  Perennibranckiate  stage. 

In  favor  of  tbis  conjecture  w6  may  addace  tbe  experiments  here  com- 
municated, for  evidently  it  is  the  stimulus  of  tbe  air  breathing  which 
brings  tbe  young  Axolotis  to  the  reversion  to  tbe  Amblystoma  form, 
).  e.,  tbe  same  stimulus  under  whose  domioating  iofiueace  the  Ambly- 
stoma form  mnst  have  arisen. 

Bnt  the  case  is  quite  similar  with  the  season- dimorpboas  butterflies. 
There  a  reversion  of  the  summer  brood  to  tbe  winter  form  is  most  easily 
called  forth  by  the  operation  of  cold,  i.  e.,  by  the  same  influences  under 
wboae  control  the  winter  form  was  developed.  We  know,  at  any  rate, 
that  reversion  may  arise  also  from  tbe  crossing  of  races  and  species, 
and  I  soogbt  to  sbow  that  reversion  in  butterflies  may  also  be  called 
forth  by  other  inflaeDces  than  cold.  Bat  the  most  probable  presumption 
is  evidently  the  one  that  tbe  reversion  was  indaced  througb  a  recurrence 
of  the  same  cause  which  to  a  certain  extent  produced  tbe  Perenni- 
branchiate  form.  That  tbis  form  baa  been  shaped  under  the  influence 
of  life  in  the  water  admits  of  no  doubt ;  and  so  my  conjecture  is  that  tbe 
hypothetical  Amblystoma  Mexicanum,  the  supposed  ancestral  form  of 
the  present  Axoloti  of  the  Lake  of  Mexico,  must  have  been  brought  to 
revert  to  tbe  Perennibranchiatefonn  by  the  circumstance  that  the postOiility 
of  going  on  land  teas  talen  from  it  and  it  was  constrained  to  stay  in  iJte 
tcater. 

I  will  not  reject  beforehand  every  other  opinion.  We  must  carefully 
distinguish  between  tbe  mere  provocations  which  are  able  to  prodace 
sodilen  reversion  and  actual  causes  of  variation  which  have  for  their 
result,  directly  or  indirectly,  the  molding  of  a  species.  So  it  woald 
not  be  inconceivable  a  priori  that  reversion  should  occur  through  tbe 
vorking  of  an  impulse  which  has  nothing  to  do  with  the  origin  of  the 
phyletically  older  form.  Certainly  temperature  has  bad  no  share,  or 
only  a  very  slight  one,  in  the  fashioning  of  the  Perennibrancbiate  form. 
Yet  cold,  in  and  for  itself,  might  quite  well  be  one  of  the  provocations 
which  one  day  caused  the  Amblystoma  form  to  revert  to  the  Siredon 
form;  and  one  could  not  a  priori  coutradict  De  Saussube  when  he 
expresses  the  opinion  that  the  low  temperature  of  the  Mexican  winter 
mast  hinder  the  transformation  (of  tbe  AxolotI  to  the  Amblystoma) 
which  had  taken  place  "  in  the  hot  reptile  room"  of  the  Paris  Jardin  des 
Plantes.  He  supports  his  view  by  tbe  fact  tbat  "TsoHimi  has  found 
tbe  Amblystoma"  (of  course  another  species)  *' in  the  hottest  pert  of  tbe 
United  States."  <<  On  the  plateaa  of  Mexico,  however,  it  snows  every 
winter ;  and  although  the  lake  does  not  freeze,  its  temperature  must  sink 
very  low  near  the  enrface." 

But  altboagb  do  theoretical  considerations  oppose  this  view,  yet  I  do 
not  think  it  correct.  1  question  very  much  that  it  was  the  temperature 
which  induced  tbe  change  from  tbe  Amblystoma  back  to  the  AxolotI, 
24  a 
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or — accordiog  to  De  Saossube's  explanation — which  at  the  present 
hinders  the  transformation  of  the  Axolotl  in  the  Lake  of  Mexico.  This 
is  the  reasoD  for  my  doubt :  From  all  portions  of  the  United  States  to  tbe 
northward  of  New  Yoric  Amblystomas  have  been  collected ;  a  proof  that 
even  a  mnch  greater  degree  of  winter  cold  than  that  foond  od  tlie 
plateau  of  Mexico  is  no  hinderance  for  tbe  transformation  of  Ok 
Axolotl  i  that  the  genus  does  not  prove  more  sensitive  in  this  respect 
than  our  native  genera  of  Salamaiulrida. 

More  consideration  seems  to  me  to  be  deserved  by  the  following 
remarks  of  De  Saussuse,  in  which  be  points  oat  tbe  character  of  tbe 
Mexican  lake  ;  "  The  bottom  of  this  lake  is  flat,  so  that  one  comes  im- 
perceptibly  from  the  lake  to  wide,  swampy  regions  before  he  reaches 
firm  ground.  Perhaps  this  condition  makes  the  Axolotl  nnable  to  get 
to  the  dry  land,  and  so  hinders  the  transformation." 

At  any  rate  the  Lake  of  Mexico  ofifers  very  peculiar  conditions  of  life 
for  an  amphibious  animal.  My  esteemed  friend,  Dr.  V.  Fbahtzius, 
called  ray  attention  to  it  that  this  lake,  like  many  others  also  of  tbe 
Mexican  lakes,  is  braekisb.  At  the  time  of  the  conquest  of  Mexico 
by  Ferdinand  Cortez  this  circamstance  caused  the  final  surrender,  aa 
the  Spaniards  cut  off  the  water  from  tbe  besieged  and  the  lake  water 
is  not  drinkable.  Tbe  old  Mexicans  had  already  built  condaits  from 
the  distant  mountains,  and  at  tbe  present  day  the  city  is  still  depend- 
ent on  tbe  water  brought  in  by  aqueducts. 

I^ow,  this  saltness,  in  and  for  itself,  could  t>e  no  cause  for  the  fiolliog 
back  to  the  FereonibraDchiate  form,  bat  might  be  such  a  cause,  in 
connection  with  other  peculiarities  of  the  lake.  The  shallowest  part  of 
the  lake  is  tbe  eastern,  and  only  in  this  part  does  the  Axolotl  live.  In  the 
winter  violent  storms  from  tbe  east  blow  regularly  and  persistently,  nliidi 
come  down  from  the  moan  tains  and  drive  the  water  before  them  so  jxiver- 
fully  that  it  rises  in  tbe  western  part  of  the  lake  and  frequently  caases 
overflows  there,  while  from  the  flat  eastern  shore  the  bottom  is  laid  com- 
pletely dry  for  2,000  feet.*  Now  if  one  puts  together  these  two  peculi- 
arities, the  salt  and  the  periodical  drying  of  a  part  of  the  lake-bottom  b; 
continued  winds,  he  geta  at  any  rate  conditions  of  life  for  the  Axolotl 
such  as  can  be  found  in  very  few  other  places.  To  be  sure,  one  might 
attempt  to  tarn  them  to  a^a  jast  in  an  opposite  sense,  unfavorable  to  lOf 
theory,  for  tbe  withdrawing  of  the  water  from  a  great  part  of  the  lake 
bottom  ought — so  might  one  think — rather  to  make  easier  the  animal's 
transition  to  living  on  the  land ;  yes,  jast  compel  it  thereto.  But  one  for- 
gets, however,  that  the  bared  lake-bottom  is  a  sterile  plain,  without  food 
and  without  hiding-place ;  above  all,  without  vegetation ;  and  fnriber, 
that  throngh  the  pretty  considerable  saltness  of  the  water  (specific 
gravity,  1.0215)  all  the  snrfaco  laid  dry  must  be  covered  with  a  craat  of 
salt,  a  condition  which  will  make  feeding  on  tbe  landjnst  impossible. 

*  MUblenpfoidt,  Verdach  eloer  (cetreneD  SchilderDng  der  Repnblik  Meijco,  Hanonr, 
1844,  ii,  p.  S53  (Attempt  at  ft  trae  Fiature  of  tbe  Rcpablio  of  Mexico). 
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Chloride  and  csrboDate  of  soda,  cbieflj,  ore  dissolved  in  the  water  in  bo 
sensible  a  qaantity  that  they  are  regularly  precipitated  as  a  crast  on  the 
shore  of  the  lake,  and  this  crnst  is  gathered  there  during  the  dry  sea- 
son and  conies  into  the  market  auder  the  name  of  tequisqnite. 

So,  therefore,  there  is  no  lauk  of  points  of  support  for  the  coojectnre 
that  peculiar  circa m stances  made  life  on  the  land  more  difflonlt  to  the 
animal  than  life  in  the  water,  and  this  alone  mi;;ht  have  been  eaffictent 
to  bring  it  back  to  tbe  habit  of  water-life  only,  and  with  that  also  to  the 
reversion  into  the  Perennibrauchiate  or  Ichtbyodea  form. 

Yet  a  trace  to  coDJectures.  We  cannot  lament  tbatfrom  the  great  dis- 
tance and  lapse  of  time,  we  are  not  in  the  condition  to  ascertain  with 
de&niteness  the  causes  which  compelled  tbe  Azolotl  to  give  np  the 
Am'olystoma  stage,  so  long  as  we  are  not  able  to  solve  the  case  of  rever- 
sion that  lies  much  nearer  to  as  in  the  Tritons  of  Filippi  and  Jullien. 
Yet  here,  also,  universal  causes  affecting  tbe  whole  colony  of  Tritons 
most  have  been  at  the  foundation,  since,  at  least  in  Filippi's  case,  tbe 
great  majority  of  the  individuals  remained  in  tbe  larva  state.  It  must 
be  that  experiments  with  Triton  larvae  would  bring  greater  clearness 
here;  they  would  have  to  determine,  before  all  else,  whether  the  rever- 
sion can  be  called  forth  artificially,  and,  if  this  is  tbe  case,  through  what 
inflneuces. 

According  to  the  above-quoted  experiences  with  batterfiiea,  as  well 
as  according  to  tbe  results  attained  with  Axolotis,  we  should  have  to 
expect  with  tbe  Tritons  that  the  reversion  to  the  Ichthyode  form  would 
occar  if  one  would  continue  tbe  stimalas  of  tbe  water  bathing  tbe  gills 
and  tbe  whole  body,  and  at  the  same  time  woald  take  away  tbe  atimn- 
Ins  under  whose  operation  the  Salamandrida  form  has  been  fashioned — 
the  stimulus  of  tbe  air  bstbing  the  gills,  the  skin,  and  tbe  longs.  I 
hope  at  a  later  time  to  be  able  to  r^ori  on  experiments  of  this  kind.* 

So  one  wilt  wish  to  object  to  my  hypothesis  of  reversion,  that  on  one 
side  it  opposes  what  it  of  itself  postulates  on  the  other  side:  a  tudden 
chanffe  of  utrueture.  The  characteristic  of  tbe  reversion  is  precisely  in 
reaching  at  a  bound  an  older,  that  is,  an  earlier  existing  phyletic  stage. 
That  this  occurs  is  a  fact ;  while  the  reaching  at  a  bound,  to  express 
myself  figuratively,  of  an  aim  (pardon  tbe  word)  that  lies  forward  has 
never  yet  been  proved  or  even  made  probable. 

Bat  as  we  sncceeded  in  finding  in  the  Axolotl's  present  conditions  of 
life-forces  which  make  its  life  on  the  land  diUicult  or  quite  impossible, 
aod  therefore  show  a  motive  for  that  return  to  the  Ichthyodea  form 
wbicb  seems  to  have  taken  place ;  so  can  the  other  side  of  my  hypothesis 

'At  any  raU,  SciinKiQKite  eoenis,  id  hia  essay  olready  cited  above,  to  have  commnDi- 
csted  ezperimeDts  from  which  it  follows,  na  Lbydio  recapitnlbCee  tbem  !□  tlieplnce 
tefeired  to,  tbut  the  lost  ohatige,  i.  «.,  tbe  luss  of  the  gilla,  "  may  be  delayed  by  forcible 
means."  To  be  Bare,  it  does  not  fuUow  irom  thia  that  tbe  onimala  of  tbe  experiment 
olao  became  sexaally  matnre  at  the  eamo  time.  Unfortuaately  I  could  Dot  myself  ex- 
amioe  tbe  paper,  as  tbe  Tolome  of  tbe  Irla  for  1633,  as  referred  to,  ooDtaina  nothiag 
of  tbe  biod,  and  I  have  lived  for  a  long  time  at  a  diatftoce  from  any  large  library. 
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besajiported  by  facta,  namely,  the  asBamption  tlat  tbeanceatoreoflhc 
Axolotl  batl  at  an  earlier  time  already  been  Amblystomas. 

We  know  from  Humboldt  •  that  the  sarface  of  the  Lake  of  Meiiro 
OQCQ  lay  considerably  bigber  than  at  preaent,  and  that  in  a  time  com- 
paratively modern.  We  know,  further,  that  the  plateau  of  Mesico  was 
covered  with  forest,  while  now  the  foreet  has  vaniahed  where  the  settle- 
uieiits  of  man,  esi>ecially  of  the  Spaniards,  have  reached.  :Now,  if  od# 
may  suppose  that  somewhere  about  the  diluvial  epoch  tbemonnUin 
forest  extended  to  the  edge  of  the  lake,  then  still  deep  and  with  abn][)! 
shores  and  containing  considerably  leas  salt,  we  have  indicated  coodi- 
tiona  of  life  not  only  different  essentially  from  the  present  ones,  but  also 
such  as  were  quite  specially  favorable  for  the  shaping  of  a  species  of 
the  Salamandrida. 

In  the  light  of  all  this  I  believe  people  will  not  be  able  to  cast  npoii 
my  attempt  to  explain  the  exceptional  metamorphosis  of  the  Axolotl 
from  the  Lake  of  Mexico  the  reproach  of  being  too  free  a  flight  of  fancy. 
At  any  rate  it  it  tke  only  possible  explanation  which  can  be  opposed  to 
that  other  one  which  assumes  that  the  occasional  transformation  of  the 
Axolotl  Is  not  reversion,  bnt  an  effort  to  advance.  And  this  asaumptian 
ranat,  in  my  estimation,  be  rejected  on  purely  theoretical  grounds  bv 
every  one  who  tbiDksa«ti(I(I«it  transformation  of  species  tncofuwtraite,  o' 
leaat  when  it  is  joined  with  adaptations  to  new  conditions  of  life.  That  as- 
sumption must  be  rejected  by  every  one  who  looks  upon  adaptations  not 
as  the  work  of  magic  arising  at  a  stroke,  but  as  the  final  result  of  a  loof 
succession  of  natural  canses,  though  separately  slight  and  imperceptible. 

Should  my  interpretation  of  the  facts  be  correct,  this  history  of  trans- 
formation would  not  have  a  significiince  ao  far-reaching  as  if  it  coald 
have  been  taken  in  favor  of  heterogeneous  creation,  namely :  in  tbat 
ease,  demonstrating  the  existence  of  beterogeneona  creation,  it  would 
have  settled  the  qaeation  between  that  and  tranamatatioa.  2Tow,od  tbe 
contrary,  it  brings  no  definite  decision,  because,  strictly  taken,  tli« 
refutation  of  sudden  transformation  in  one  cose  ouly  proves  it  as  doi 
present  for  this  one  case. 

Bat  it  is,  after  all,  a  contribution  to  the  gradual  and  complete  ngectioii 
of  SDcb  sudden  transformation.  Ifone  case  after  another  which  seemed 
to  speak  for  heterogeueona  creation  ia  proved  untenable  on  tbat  theory, 
the  argument  by  induction  must  Anally  acquire  sufficient  strength  to  be 
acknowledged  aa  satisfactory. 

If  my  view  of  the  facts  ia  correct,  a  few  corollaries  result  from  it  « bich 
here  at  the  close  I  should  like  to  mention  briefly. 

First,  a  thing  that  is  more  external : 

If  tbe  Siredim  Mexieanus  Shaw  only  assumes  the  Ambtystoma  forn 

by  occasional  reversion,  but  never  reproduces  as  such,  bat  only  as  Sirt^ 

don,  we  cannot  approve  the  action  of  the  latest  writers  on  systematic 

zoology,  who  simply  strike  the  genus  Siredon  out  of  tbe  system,  and 

'.See  HUhleopfoTdt's  book  olread;  quoted,  vol.  i. 
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briuj;  iu  the  Siredon  Me^ekanus  as  an  aowelcome  additioo  auder  tbe 
getius  Ambitfttoma.  So  long  as  there  are  not  one  only,  but  several  species 
of  jbVredon  od  the  earth,  which  are  regalarly  rcprodaced  as  suck  and  only 
as  such,  so  loDg  the  gcous  exists.  Aod  if  we  would  not  qnite  rol>  the 
systematic  writers  of  the  Lope  that  some  time  these  species  of  Siredon 
would  rise  to  be  Ainblystomas,  yet  it  corresponds  better  to  the  state  of 
things  now  existiiigon  the  earth  if  we  still  allow  thegenasjSiredonto  stand 
among  the  genera  of  Qsb-salamauders  and  reckon  in  it  all  those  species 
which,  like  the  Paris  AsolotI,  tbe  Siredon  Mexicanut  Shaw,  and  proba- 
bly al^  Siredon  Uehcttoides,  only  take  the  Amblystoma  form  as  an  excep- 
tion or  by  artificial  influences,  but  without  reproducing  themselves  in  it. 

On  the  other  Land,  all  those  species  may  probably  be  added  to  the 
genaa  Amblystoma  which  reprodace  in  this  state,  and  in  which  the 
PereDni  branch  lute  slage  apjiears  only  as  a  larval  condition. 

To  make  this  distinctioi)  in  the  individual  case  will  be  chiefly  the  task 
of  tbe  American  naturalists,  from  whose  ever-increasing  activity  we  may 
hope  indeed  for  fuller  details  on  the  reproduction  of  the  numerous  spe- 
cies of  Amhtyatoma  iu  their  native  land.  I  should  rejoice  if  my  expla- 
ua'.ious  here  presented  should  give  an  impulse  to  such  investigations. 

The  second  corollary  to  which  I  referred  is  of  a  purely  theoretical 
nature.  It  concerns  an  additioo  to  tbe  "f»n^mental  late  in  tke  genesis 
of  life,"  first  set  forth  by  Fritz  Miiller  and  Haeckel.  It  is  well  known 
that  this  is  stated  iu  the  following  iiroposition :  The  Ontogenesis  contains 
in  itself  ilie  Phylogenesis,  more  or  less  contracted,  more  or  less  modi- 
fied. Although  the  proposition  cannot  be  rigidly  proved,  because  we 
have  no  means  of  seeing  the  phyletic  development  directly  unfolded  be- 
fore our  eyes,  yet  its  correctness  and  general  validity  can  be  made  so 
highly  probable,  in  an  indirect  way,  that  few  naturalists  of  tbe  present 
time  doubt  it  who  have  occupied  themselves  with  the  history  of  devel- 
opment and  comparative  morphology. 

Xow,  according  to  this  proposition,  every  stage  of  the  pbyletic  devel- 
opment, when  it  is  displaced  by  a  later  one,  must  remain  included  in 
the  Ontogenesis,  and  therefore  come  to  light  in  the  form  of  an  ontoge- 
netic stage  in  the  development  of  every  individual.  Ifow,  with  this  my 
explanation  of  the  Asolotl'a  transformation  appears  to  stand  in  contra- 
diction, for  the  Axolotl  which  had  iu  former  generations  been  an  Am- 
bJystoma  contains  nothing  of  the  Amblystoma  in  its  Ontogenesis,  ^ever- 
tlieless  the  coutradictiou  is  only  apparent.  As  soon  as  a  further  develop- 
ment is  actually  in  question,  and  therefore  tLe  attainment  of  a  new  stage 
not  yet  realized,  so  soon  the  older  stage  is  taken  np  into  the  Ontogen- 
esis. Bnt  it  is  not  so  when  the  new  is  not  actaally  new,  but  Las  at  a 
former  time  presented  the  final  stage  of  the  iudividnal  development,  or, 
in  other  words,  when  there  is  a  reversion,  not  of  the  single  individual, 
bnt  o/  the  species  as  such  to  the  preceding  phyletic  stage,  and,  therefore, 
a  pbyletic  sinking  back  of  the  species,  /n  this  ease  the  final  stage  of  the 
Ontogenesis  is  simply  eliminated,  it  falls  ovt,  and  tee  can  only  recognize  its 
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pretence  by  the  fact  that  it  may  occasionally  appear  as  a  reversionary  fvm. 
TbaB  tbe  Tritoo,  onder  some  circamstaoces,  sinka  back  to  tbe  Ferenoi- 
brancbiate  stage,  but  not  in  sucb  a  way  that  the  intliriduat  woatd  first 
become  a  Triton  and  tben  be  tranafortned  back  to  a  PcreDnibranchi- 
ate,  but,  aa  I  have  already  made  prominent  above,  simply  by  no  longer 
reacbiog  tbe  stage  of  tbe  SaJamandrida  and  remaining  npon  tbe  stage 
of  tbe  Ichthyodea.  Tbns,  also,  according  to  my  hypotbesia,  tbe  Sa\a- 
mandrida  that  formerly  lived  on  tbe  ahores  of  the  Lake  of  Mesico,  tbe 
Amblystoma  Mexicanum,  has  anuk  .back  to  the  stage  of  tbe  fish 'Salaman- 
der, and  tbe  only  trace  wbicb  remaina  to  ua  of  bis  former  height  of  de- 
velopmeut  ia  jnst  tbe  inclination,  more  or  leaa  preaeat  in  every  individ- 
nal,  to  reach  noder  favorable  circumstances  the  salamander  stage  again. 

Bnt  the  third  and  laat  conaeqneDce  which  my  explanation  of  the  facts 
brings  with  it  lies  in  tbe  altered  part  wbicb  wonid  be  aaaigDed  by  it  to 
reversion  in  organic  nature.  Hitherto  atavistic  forms  have  been  le- 
garded  only  as  isolated,  exceptional  cnses,  interesting,  to  be  sure,  in  a 
high  degree  for  our  knowledge,  bnt  witbont  eigoiflcance  for  the  course 
of  developtneot  of  organic  natare.  Now  a  real  importance  wonId  bare 
to  be  allowed  them  in  this  latter  regard. 

I  shonid  osanme  that  reversion  ma;  in  a  twofold  manner  be  a  con- 
trolling  power  for  the  preservation  or  restoration  of  a  form  of  life.  In 
one  case,  as  in  the  Azoloti,  where  tbe  newer  fonn,  standing  organioall; 
higher,  becomes  nut«nable  from  external  canses,  and  now,  as  a  farther 
development  Id  the  other  direction  does  not  seem  possible,  instead  of 
simply  dying  out,  a  reversion  of  tbe  species  to  the  older  and  less  higblr 
organized  step  fbllows.  Bat,  second,  in  this  manner,  that  the  al^er  ^J- 
leHcform  m  no*  altogether  given  vp,  while  the  yonuger  is  developed  fton 
it,  but  that  it  alternates  periodically  icith  the  younger,  as  we  see  in  tlM 
season -dimorpbons  bntterflies.  One  will  hardly  nrge  any  objection  to 
it  if  I  regard  the  alt«rDation  of  summer  and  winter  form  in  these  as  a 
periodically  occnrring  reversion  to  the  phyletically  older  form  (the  winter 
form). 

ThoDgh  tbe  total  reversion  of  a  species,  as  I  assome  it  for  theAxolotl, 
may  be  a  rarely-occnrriog  case,  tbe  periodically  or  cyclically  oeevrrifg 
revertion  snrely  is  not;  it  certainly  plays  a  conaiderable  part  in  tbe 
origin  of  various  forms  of  the  alternating  or  cyclical  mode  of  reprodoc- 
tion. 

P08TSCBIPT. 

It  was  intimated  in  tbe  foregoing  discnaaioD  that  tbe  causes  ftom 
which  I  derived  the  reversion  of  the  hypothetical  Amblyatoma  Mai- 
oaniim  to  the  Axolotl  of  to-day,  did  not  seem  to  me  to  snfflce  completely 
for  tbe  explanation  of  tbe  phenomenon.  For  one  thing,  they  appeare«l 
to  me  of  too  local  a  natnre,  as  they  could  only  be  applied  with  certainty 
to  the  Axolotl  from  the  lake  of  the  Mexican  capital,  while  also  tbe  Paris 
Azoloti,  coming  from  another  part  of  Mexico,  requires  an  explanation 
tJiat  will  apply  to  him.    But,  on  the  other  band,  they  did  not  seem  to 
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me  cogent  enoagh.  For  should  we  even  Icaru  at  a  later  time  tbat  the 
Paris  Axolotl  also  comes  from  a  salt  lake,  which  is  exposed  to  winds 
similar  to  those  of  the  Lake  of  Slezico,  yet  there  lies  after  all  in  these 
pecnliarities  of  the  lakes  only  a  force  which  renders  difficult  the  meta- 
morphosis of  the  larva  and  the  gaining  of  a  suitable  new  dwelling- 
place  on  the  land.  The  imposMility  of  attaining  snch  a  dwelling,  or 
indeed  the  total  lacJi  of  it,  does  not  necessaiily  result  from  them. 

Eridently  it  would  be  a  mnch  more  substantial  support  for  my 
hypothesis  if  I  succeeded  io  pointing  iiut  forces  iu  the  physical  relations 
of  the  country  which  entirely  preclude  the  existence  of  AmblpsUma  there* 
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THE    DIMINQTION    OF    THE    AQUEOaS    VAPOE    OF    THE 
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Mr.  Bichftrd  Strachey  bas  pablisbed,  in  the  Proceediogs  of  the  Boyal 
Society  of  London,  Uarch,  1861,  a  valaable  work  "Oo  the  Distribation 
of  Aqneons  Vapor  in  the  Upper  Parts  of  the  Atmosphere."    Id  this,  he 
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shows,  from  the  observations  of  Iloober  and  Lis  own  in  the  Himoliiyas, 
as  well  as  from  those  that  Welsh  made  in  fonr  balloon  voyages,  that  f  be 
absolate  hnmidity  (or  the  vapor-teusioD)  dimioishes  in  a  much  more 
rapid  ratio  with  the  altitude  than  woald  he  the  case  iu  an  independeDt 
atmosphere  of  vapor  subject  to  its  own  pressure  only.  He  then  further 
shows  that  the  existence  of  an  Independent  vapor  atmosphere  is  excluded 
by  the  rate  of  diminution  of  temperature  with  altitude  as  deduced  from 
alt  known  observations  considered  together  with  the  vapor-tension 
observed  at  the  surface  of  the  earth.  This  latter  proposition  had  already 
been  mathematically  demonstrated  by  Bessel  in  1838."  Of  coarse 
Strachey  concludea  further  that  it  is  not  admissible  to  subtract  the 
vapor- tension  from  the  barometric  pressure  in  order  to  obtain  the  pressure 
of  tbe  dry  atmosphere.t  By  means  of  an  estimate  based  npon  Hook- 
er's and  Welsh's  observations,  Strdcbey  finds  that  the  actual  pressure 
of  the  vaiior  iu  tbe  atmosphere  is  to  the  tension  observed  at  the  earth's 
surface  as  1  to  4.  Lamont  arrived  at  the  result  1  to  5,  nearly  agreeing 
therewith,  by  making  Glaisber'a  observations  tbe  base  of  bis  compata- 
tion.^ 

Strachey  does  not  attempt  to  deduce  a  formula  for  the  diminution  of 
vapor- pressure  with  altitude  from  the  vapor-tensions  at  different  alti- 
tades  in  the  atmosphere,  as  commnuicated  by  himj  and  Lamont  has,  in 
the  above-cited  memoir,  expressed  his  conviction  of  the  non-existence  of 
any  regalar  change  of  vapor-pressure  with  altitude.  This  is,  indeed,  a 
necessary  consequence  of  the  denial  of  Dalton's  vapor  atmosphere; 
according  to  this  view,  the  atmosphere  of  vapor  never  arrives  at  that 
condition  of  equilibrium  which  is  assnmed  for  it  by  Dalton's  proposition 
of  an  independent  gaseous  atmosphere.  At  the  earth's  surface,  at  higher 
temperatures,  aqueous  vapors  are  developed  of  greater  tensions  than 
wonld  correspond  to  the  possible  vapor-tensions  that  obtain  at  the  lower 
temperatures  in  the  higher  strata  of  the  air.  The  slow  diffusion  of 
aqaeons  vapor  in  the  air  alone  prevents  its  rapid  continned  condensa- 
tion ID  tbe  upper  strata.  By  reason  of  ascending  currents  of  air,  aa  well 
as  any  other  cooling  of  masses  of  moist  air,  there  occur,  now  here  and 
now  there,  condensations  of  vapor ;  and  under  such  conditions  tbe 
existence  of  a  state  of  equilibrium  ia  the  vapor  atmosphere  cannot 
be  assumed.  Were  oxygen  and  nitrogen  continually  produced,  and  at 
lower  temperatures  again  locally  condensed  in  the  same  proportions  as 
is  the  aqueous  vapor,  then  a  barometric  measurement  of  altitnde  wonld 
be  ontof  tbe  question.  We  must  then  a  priori  refraio  equally  from  tbe 
deduction  of  any  law  permitting  one  to  determine  the  vapor-pressure  at 
any  higher  or  lower  altitude  from  the  vapor-tension  observed  in  any 

'  Beniftrks  od  BaromBtrio  Hypsometry,  Astrou.  Kach.,  Band  16,  No.  356. 

t  We  eipreasl;  say  "  atmoapbere,"  sinc«  it  is  of  conne  penoisaiblo  for  physical  pnr< 
pmee  to  snbtntct  the  vapoT-tensioD  from  the  baromotrio  pleasure  in  onler  to  obtain  th« 
weight  or  the  pressure  of  the  dry  a[r  withia  a  definite  space. 

t  See  this  JoorDal,  iii,  391. 
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atmospberic  stralam,  aod  from  the  dedactioD  of  a  similar  law  fortbe 
temperatare. 

Bat  if  we  examine  the  vapor-tensions  for  different  altitades  as  given 
hj  Strachey,  we  are  Burpriaed  at  ttie  agreement  oD  the  one  huid  be- 
tween the  results  of  the  observations  that  Welsh  made  during  bis  bal- 
loon voyages  and  those  that  Hooker  and  Strachey  made  in  the  Hima- 
layas, and  OD  the  other  band  at  the  agreement  of  the  latter  among  them- 
selves, especially  at  the  greater  altitades.  This  onexpected  factindaced 
me,  following  Strachey's  steps,  to  compute  the  observations  of  Glaish- 
er's  balloon  voyages;  and  since  the  figures  thns  obtained  agreed  vei; 
satisfactorily  with  those  of  Strachey,  I  collected  also  the  material  tcaowo 
to  me  relative  to  observations  of  humidity  at  fixed  stations  at  greater 
mountain  altitudes.  Thus  the  following  table  has  lesnlted.  Like 
Strachey,  I  have  expressed  the  vapor-tension  at  a  given  altitude  in  a 
fraetloD  of  that  simultaneously  observed  at  or  near  tbe  earth's  sur&oe. 

Since  the  altitudes  for  which  observations  are  at  hand  seldom  agiee 
with  the  intervals  of  the  table,  therefore  the  required  qnautities  for  the 
nearest  tabular  interval  were  computed,  by  a  formula,  hcreaner  given, 
from  the  observed  values. 

DlaiHuttjn  ^  Vapor-taition  tcilk  AlStitde. 
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The  following  are  the  observations  on  which  are  based  each  individual 
series  of  the  above  table. 

Eimalaya. — (a)  Observations  by  Hooker :  (6)  by  Strachey,  extracted 
trom  the  above-cited  memoir ;  (c)  annual  means  of  observation  at  Uaba- 
baleshwarand  Bombay;  atDarjeelingandGoalpora;  at Dodabetta and 
Madras. 

Armenia. — Observations  by  Uorits  dnring  his  ascent  of  the  Greater 
Ararat  in  August,  1850,  published  in  Knpffet's  Corre^ponSanee  MMon- 
logiqm,  annie  1858.    Moritz  took  hourly  observations  of  nearly  all  tbe 
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meteorological  elements  for  foor  Oajs  at  tbe  altitude  of  2,310  meters 
(Sardar-BoDlflgh),  for  ten  days  at  3,3X0  meters,  and  tbrougb  nearly  five 
days  on  tbe  summit  of  the  Greater  Ararat,  5,125  meters.  Dariog  the 
entire  time,  obserratioas  were  regalarly  maintaioed  at  Erivan,  Alexan- 
dropol,  Tiflis,  Bedont«  Kal^,  aod  Leokoran.  From  tbese  observations, 
I  have  deduced  tbe  correspooding  averages. 

Teneriffe. — Observations  by  Piazzi  Smyth  at  Villii  Orotava  (371  me- 
ters), GuHJara  (2,715  meters),  and  Alta  Vista  (3,264  meters),  ia  Jnly, 
Aognst,  and  September,  1856,  and  simultaneously  at  Santa  Cruz. 

TAe^/pj.— Observations  at  tbe  Theodul  Pass,  August,  1SG5  and  1806, 
in  couoeotion  with  tbe  Swiss  system  of  obseivations ;  also  tbe  obser- 
vations of  Kamtz  on  the  Bigi  aod  the  Fanlhom,  referred  to  Ziiricb. 
(Eamtz  particalarly  remarLe,  iu  bis  Vorletungen,  that  in  tbe  dry  year 
1833  tbe  ratio  of  the  vapor-tensions  at  Fanlborn  and  Zurich  was  0.43, 
almost  exactly  tbe  same  as  the  ratio  0.46  for  the  damp,  cold  year  1833.) 
Balloon  Voyages. — (a)  Observations  by  Welsh,  computed  and  commn- 
Dtcated  by  Stnichey;  {b)  observations  by  Glaisher  during  five  trips  in 
summer  time;  (c)  three  voyages  in  late  summer  and  fall  of  1863;  (d) 
three  voyages  in  tbe  winters  1864  and  1865.  On  tbe  ascension  of  1864, 
January  12,  the  temperature  and  humidity  at  first  increased  with  the 
elevation,  and  at  a  higher  altitude  first  began  to  regularly  diminish. 

After  a  consideration  of  tbe  figures  iu  tbe  above  table,  one  most  con- 
fess that  the  attempt  to  represent  these  by  any  formula  is  quite  as  rea- 
sonable aa  the  establishment  of  any  ratio  for  tbe  diminution  of  temper- 
ature with  altitude.  Tbe  agreement  between  observations  on  mountains 
and  in  the  free  atmosphere  in  balloons  is  much  better  for  the  humidity 
than  for  tbe  temperature.  Only  the  Himalaya  observations  show  for 
small  altitudes  a  materially  greater  quantity  of  vapor  on  tbe  mountains 
than  in  tbe  free  atmosphere;  at  great  altitudes,  there  is  scarcely  any 
difference.  Had  tbe  vapor  atmosphere  of  the  earth  attained  to  a  con- 
dition of  equilibrium,  and  subject  to  its  own  pressure  only,  we  could  in 
a  simple  manner  compute  the  pressure  corresponding  to  a  given  altitude, 
since  for  every  such  gaseous  atmosphere  the  equation 


P  "JJo*      &#(»  tig} 

must  obtain.  Here  p  and  jic  represent  tbe  pressures  at  tbe  altitude  h 
and  at  the  earth's  surface,  measured  by  the  height  of  the  mercurial  column 
supported  by  these  pressures ;  e  is  tbe  base  of  the  natural  logarithms ;  C 
is  a  constant,  and  equal  to  the  product  of  0.760  into  the  ratio  between 
the  density  of  mercury  and  that  of  the  gas  nnder  a  normal  pressure  of 
0.76  meter  at  a  temperature  of  0°  C.  and  with  the  intensity  of  gravity  as 
at  the  sea-level  at  43o  latitude.  This  constant  corresponds  to  the  alti- 
tude of  a  column  of  gas  of  uniform  density  and  at  tbe  uniform  temper- 
ature otQO  C,  which  exerts  the  same  pressure  as  a  mercurial  column  of 
0.76  altitude.  For  another  temperature  of  the  gaseous  column,  and  for 
another  value  of  the  force  of  gravity,  and  one  diminishing  with  Hm 
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altitude,  the  above  altitude  mast  be  different ;  ^(t)  and  vi9)  indicate  tbe 
correctional  factors.  For  dry  air,  free  from  carbonic  acid  gas,  C  is  7,993 
meters,  and  sidco  the  density  of  aqueous  vapor  may  be  assumed  con- 
staot  at  0.623  for  ordinary  atmospheric  temperatares,  therefore  for  an 
atmosphere  of  aqneous  vapor  C  =  12,829  meters.  We  therefore  have 
the  following  formula  for  the  computation  of  the  pressure  at  any  alti- 
tude within  an  atmosphere  of  aqaeous  vapor,  and  omitting  tbe  small 
corrections, 

nat  log  p  =  nat  log  p,,  -  j^g^g- ; 

or,  mnltiplyiog  by  the  modulus  of  the  Bdggs  logarithms, 

Iogj,  =  losj,.-^. 

This  formula  cau  be  used  at  once  to  compare  the  observed  dimioution 
of  vapor-tension  with  that  which  must  obtain  in  an  iodependeut  atmos- 
phere of  aqueous  vapor.  Up  to  an  ftltitode  of  20,000  English  feet,  or 
G,09G  meters,  the  correction  ^{g)  cau  be  neglected,  and  the  introduction 
of  ifH)  =  1+at  would  have  the  effect  of  still  further  delaying  the  dimi- 
nution of  tension  np  to  about  12,000  feet. 

Tlitorclical  and  Obterved  Diminationa  of  Vagor-tamon. 
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Whence  the  vapor-tension  actually  does  diminish  with  the  altitude 
much  more  rapidly  than  wonld  be  tbe  case  if  an  independent  gaseous 
atmosphere  existed. 

As  before  remarked,  Bessel  had  already,  through  a  ronndaboat  and 
involved  computation,  proven  that  the  slow  diminution  of  vapor-tensioa 
with  the  altitude,  as  is  required  in  Dalton'a  \ai>or  atmosphere,  can- 
not possibly  be  reconciled  with  the  known  diminution  of  temperatore, 
for  aqaeous  vapor  has  a  definite  maximum  of  elastic  force  for  each  tem- 
perature. Our  abovewritten  formula  must  therefore  also  satisfy  the 
conditions 

-*  tAva  t 

p=Pt  lO*"""  and p  equal  orlessthau  4.325  x  10*^' **-;-'. 

The  last  member  on  the  right  is  the  formula  given  by  Magnus  for  the 
maximam  tension  of  aqueous  vapor  for  a  given  temperature  (.  Hence 
follows 

log  p.  _  or  <  0.CM02  +  ,-1;^+  jAj,. 
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For  an  average  temperatnre  diminntioD  of  0^.5  C.  for  eacli  100  meters, 

tbe  mean  aotinal  temperature  will  be  —  5°  C.  at  an  altitude  of  3,000 

meters  above  Vienna  (— 6^.0  is  observed  at  the  Tbeodul  Pass,  altir;nde 

3,330  meters).    If  we  sabstitute  tbese  values  for  h  and  t„  we  find 

lof;j)(i  =  or  <  0.iS342  and  jJe  =  or  <  3.0  millimeters. 

'flicrefore,  even  were  the  air,  at  3,200  meters  altitnde,  saturated  with 
vapor,  tbe  vapor-tension  iu  Vienna  would,  at  tbe  bighest,  be  only 
3,0°"";  iu  fact,  bowever,  it  is  observed  to  be  6.9°",  In  order  to  make 
this  tension  possible,  the  temperature  at  3,000  meters  altitude  mast  be 
+  2<^.:1  C,  and  therefore  tbe  rate  of  decrease  of  temperature  would 
amount  to  only  0^.25  C.  for  each  100  meters. 

If  now  we  seek  to  represent  the  observed  diminution  of  vapor-tension 
by  means  of  an  empirical  formala,  we  can  either  choose  a  simple  expres- 
sion of  the  form 

or  examine  whether  the  observed  values  proceed  iu  a  geometrical  pro- 
gressioD,  in  which  case  tbe  value  of  0  is  to  be  determined,  which  mnst 
be  mnch  smaller  than  tbe  above  given  theoretical  value. 

I  first  deduced,  according  to  the  method  of  least  squares,  from  the 
mean  of  tbe  series  Himalaya  (a)  aud  (b)  and  Balloon  Voyages  (a)  and  {b), 
tbe  formula 

p=Pt  (I  — O.OTSfc  +  0.001C4/1'}, 

where  /( is  given  in  units  of  1,000  English  feet  each.  If  we  use  also  the 
observation  of  Glaisber  that  for  A  =  28,000  feet  j>  is  nearly  eqnal  to 
zero,  we  find 

p  =pi  (1  -  0.075  A  +  0.00146A'},  h  in  units  of  1,000  English  feet; 
or 

p  =p(,  (l-OJ>iCfi  + 0.01560 A'),  h  iu  units  of  1,000  meters. 

These  formula:  of  interpolation  represent,  with  almost  perfect  accu- 
racy, the  observations  on  which  they  are  based,  but  are  inapplicable  to 
altitudes  above  7,800  meter8,since  for  higher  altitudes  they  give  increas- 
ing values  of  p  (for  h  =  26,000  feet,  the  second  formula  gives  p  =  0.04). 
But  this  does  not  prevent  their  application  to  all  cases  that  actually 
occur. 

In  order  to  express  the  definitive  mean  values  of  our  table,  the  quan- 
tities -^,  by  a  geometrical  progression,  I  have  pursued  the  following 

Pt 
method :  The  general  formula  is,  for  our  case,  converted  into 

logr^V-Ji;  wheDceO  =  - *__. 

I  now  computed  the  values  of  C  for  14  of  the  intervals  of  tbe  table 
(excluding  the  last  [22],  because  for  this  tbo  £  depends  upon  too  few 
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observations);  for  tbe  flret  iatervals,  from  1  to  8,000  feet,  I  aoited  each 
three  into  one  mean  value,  aod  tbns  obtained  tbe  following : 


Eii^b"eM, 

0  Id  Engllsb 
feet 

AUltmleiln    1  0  la  Enelitb  1 
EugLWti  CeeL             fwt. 

8.000 
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The  reduction  of  the  observed  values  of  the  vapor-tensioD  to  tie 
nearest  intervals  occurriug  in  the  table  was  made  by  meaDS  of  interpo- 
lation after  tbe  values  of  C  had  been  computed  from  ever;  observation. 
These  numbers  show  an  increase  of  the  value  of  C  with  the  altitade. 
The  method  of  least  squares  now  gives  as  the  expression 

G  =  202ol  +  0.11334  k  in  English  feet, 
or 

C=    0172  +  0.11334  i  in  meters, 
whei«  A  is  to  be  expressed  in  units  of  either  EDglish  feet  or  meters 
respectively.    The  mean  value  of  (7  as  computed  by  this  formuht  is 
6,517  meters.    Since  small  changes  in  G  have  but  slight  influence  apon 
tbevalueof -^,  we  can  also  try  tbe  effect  of  considering  (7  as  a  constant 

equal  to  6,517  meters. 

The  following  table  shows  that  in  fact  this 
Altitadet  (in  thousands  of  EogtUb  feet) ...      1       4 

Obserredp 0.87    .64 

CoiiipDtedi>(Cmcreaaiiig) 0.88    ,64 

Compatedp(CoanBUnt) O.M    ,C5 


i  perfectly  allowable : 


,19    .13     .09   .06 


.27    .18 

Whence  it  appears  that  the  observed  valves  of  vapor-t^nsion  at  differeiU 
altitudes  are  represented  with  almost  perfect  accuracy  hy  the  formula 

-*  =* 

J)  =  j»o  10«5n  =  2>o  c  **"'. 

We  must  for  the  present  leave  undecided  tbe  gnestioa  whether  the 
constant  6517  varies  with  the  temperature,  as  may  be  enspect«d  from 
tbe  slower  diminution  of  the  vapor-tension  among  the  Himalayas,  since 
the  observations  are  too  few  to  determine  such  a  coefficient  with  any 
security. 

From  the  expression  just  deduced  empirically  for  tbe  diminution  of 
vapor-tension  with  altitude,  as  compared  with  the  formula  previonsly 
given,  which  would  obtain  for  an  independent  atmosphere  of  aqueous 
vapor,  we  conclude  that  the  ratio  of  the  weight  of  the  aqneons  vapor 
actually  present  in  the  atmosphere,  as  compared  with  tbe  weight  result- 
ing from  the  Dalton  hypothesis,  is  as  the  ratio  of  the  values  of  (7  in  both 
formulie,  or  as  2830  to  12829,  or  as  0.22  to  1.  Whence,  the  weight  of  tke 
vapor  present  in  thetrhole  atmosphere  above  the  place  ofobtervation,  aeeordu^ 
to  Dalton's  hypothesis,  is  4.5  times  greater  than  it  is  in  reality. 
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One  can  persaade  himself  of  the  correctoeas  of  this  conclusioo  by  tho 
followiDg  compntation.  The  weight  (in  kilograme)  of  the  aqueons  vapor 
haviDg  a  teosioDp  (iu  milliioeters)  in  ooo  cubic  meter  is  foaod  by  the 
well-knovD  formula 

„      »/-o^     ^        P        0-001058  _ 

where  B^  is  the  epeciQc  gravity  of  air  at  temperatnre  0°  C.  Hence  the 
weight  of  aqneona  vapor  eontaioed  in  a  stratam  of  air  of  difiereDtial 
thickness  dh  and  horizontal  area  anity  is 

,       O.OQ105S2      ,„sn,. 

<^g=    i  +  at    '-P°^"      '^''• 

The  integration  of  this  eqaation  gives  a  formala  for  the  total  weight 

of  the  aqueous  vapor  contained  in  the  atmosphere  np  to  any  definite 

height.    The  temperature  t  is,  strictly  speaking,  also  dependent  on  the 

altitade;  but  we  will,  in  accordance  with  all  experience,  put 


(  = 


and  tbDS  dad 


,,     0.0010582      „,        /■_,      ,„isn\ 
^°  1  +  ^1'  ii»ci°g«(^'-"'    )• 


O  =  !¥w%.x2830(l-lO*>") 

For  large  values  of  A,  therefore,  by  extending  the  integral  to  the 
limits  of  the  atmosphere,  the  negative  member  of  this  expression  dis> 
appears,  and  it  is  now  qnite  clear  that  the  actual  weight  of  the  aqueous 
vapor  ID  the  atmosphere  is  to  that  resulting  from  Dalton's  hypothesis 
as  2830  to  12829,  or  as  0.22  to  1. 

For  example,  the  mean  vapor-teusioa  at  Yienoa  in  July  is  11  milli- 
meters, the  temperature  20°.3G.;  at  the  altitude  of  8,000  meters,  the 
probable  temperature  is  about  — 19<^.7  C. ;  the  mean  temperature  of  the 
whole  atmosphere  of  aqueous  vapot  is  therefore  nearly  0°  0.  The 
formula  gives  the  total  weight  of  aqueous  vapor  =  33  kilograms,  corre- 
sponding to  a  pressure  of  tuWt  =  0.0032  atmosphere,  or  a  mercurial 
column  of  2.4  millimeters.  If,  therefore,  the  aqueous  vapor  contained 
in  July  in  the  atmosphere  above  Yienoa  could  expand  according  to 
Dalton's  law,  the  vapor-tension  at  the  earth's  surface  would  sink  fivm 
11  millimet«r8  to  2.4  millimeters. 

[Note. — ^The  following  equation  resulting  by  integration  from  our 
previously  given  formula  of  interpolation : 

Q  =  },^^.  A  Jfo  (I  -  0.123  A  +  0.00523  A'), 

where  the  unit  of  A  is  a  thousand  meters,  gives  Q  =  32.6  kilograms,  or 
23  millimeters  on  the  mercnrisl  barometer,  for  A  =  8,000  meters.] 
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The  formula  for  Q  further  teacbes  aa  that  ODe-ha]f  of  tbe  whole  quan- 
tity of  aqueous  vapor  is  contained  in  tbe  strata  of  air  below  tbe  altitude 
«f  1,9C2  meters,  or  6,043  Paris  feet,  and  that  odIj-  one-tenth  of  the  whole 
aqueous  vapor  in  the  atmosphere  ia  above  the  altitude  of  6,500  meters, 
or  20,000  Paris  feet.  Strachey  is  therefore  right  in  saying  that  the 
moiintiiin-ranges,  however  slight  their  altitudea  are  in  respect  to  the 
dimensions  of  the  whole  globe,  yet  must  be  of  great  iuflnence  in  refer- 
ence to  the  aqueous  meteors.  A  monutaiu-chaiu  of  only  6,000  feet  alti- 
tude lorms  a  dividing  barrier  for  one-half  of  the  vapor  in  the  atmos- 
pliere ;  the  Himalayas,  with  an  altitude  of  about  15,000  feet,  or  4,C00 
meters,  cuts  off  etgbt-tentbs. 

In  couc1u»ion,  1  wonid  expressly  remark  that  tbe  fonunla  deduced  for 
tbe  dimiuutiOQ  of  vapor-tension  with  altitude  can  only  be  applied  with 
security  to  the  computation  of  meau  ratios.  It  can  also  be  practically 
applied  in  barometric  hypsometry,  since  all  the  more  recent  faypsometric 
tables  take  into  consideration  tbe  aqneons  vapor  of  the  air)  bnt  fre- 
quently the  vapor-tension  is  known  for  only  one  of  tbe  two  statioQB 
whose  relative  altitude  is  to  be  determined.  The  following  example 
shows  that  for  this  purpose  the  accuracy  of  the  formula  is  quite  sufficieDt. 
Bauernfeind  observed  the  psychrometer  twenty-one  times  daily  dnriag 
five  days  at  five  stations  on  the  Greater  Mieaing,  whose  relative  alti- 
tudes were  determined  by  direct  leveling.  {&ee  Beob.  und  JJnters.vhtr 
Me  Oenauigkeit  barametrUcher  Hithenmesaungen,  Miiuchen,  1862,  p.  132.) 
The  following  small  table  contains  the  means  of  these  observations,  and 
beneath  them  are  given  tbe  values  computed  by  our  formnla  for  the 
other  stations  from  the  observations  at  station  I : 

"      SUtions I.        II.       III.      IV.       V. 

Altitude  in  meters 816    1086    1356    1C19    1884 

J}  observed, Paris  lines..  5.16     4.30     4.02     3.79     3.54 
p  computed  fhim  I —     4.69     4.26     3.88     3.54 

We  shall  be  perfectly  satisfied  with  the  agreement  between  observa- 
tion and  computation  if  we  reflect  that  Banrnfeind's  observationa  were 
not  used  in  the  deduction  of  onr  formula,  because  they  appeared  to  as 
to  relate  to  far  too  slight  an  altitude. 

[^OTE. — The  mean  vapor-tension  in  Klagenfurt  is  7.1  millimeters. 
Hence,  for  tbe  station  Hoch-Obir, lying  1,603  meters  higher,  ia  compnt«ds 
mean  vapor-tension  of  4.03  millimeters.  Prettner  (Klima  von  fomttoi, 
p.  163}  gives  for  Hoch-Obir  a  relative  humidity  of  82  per  cent  and  a 
mean  temperature  of  0^.85  C,  according  to  psychrometer  observatioos, 
for  one  year,  1852.  To  these  figures  there  corresponds  a  vapor-t«nHon 
of  4.02  millimeters ;  therefore,  exactly  eqnal  to  the  computed  value.] 

Notwithstanding  the  agreement  between  obsen'atiou  and  compotatioD 
iu  these  and  other  cases,  do  deeper  theoretical  meaning  should  be  attrib- 
nted  to  onr  formula.  It  is  perhaps  only  a  more  exact  ezpreasion  for  tbe 
opinion  expressed  by  Strachey,  that  the  average  degree  of  satnration  of 
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the  air  remaias  quite  oniform  in  different  altitudes.  Therefore,  the 
vapor-tensioD  depends  only  on  the  diminutiou  of  temperature.  If  this 
latter  proceeds  ia  an  arithmetical  profn^asioo,  there  follows,  of  course, 
for  the  diminatioQ  of  vapor-tension  a  geometric  progression.  On];  the 
demonstration  maf  be  new,  that  we  can  also,  with  so  great  accuracy, 
from  observations  at  oue  altitade,  comgute  also  the  mean  rapor-tensioD 
at  another  altitude. 


ON   THE   INFLUENCE   OF   BAIN    UPON    THE    BAROMETER, 
AND    UPON    THE    FOKMATION    OP    PREOIPITATION    IN 

GENERAL. 

Bv  Dr.  J.  Hann. 
[TnnaUtcd  b;  Cleraluid  Abli«  Avm  tbcJonmalor  tbe  Aoatriaa  lletMrulDslciit  Aaoclnlion,  IBi-l.  pp. 

A  more  accurate  knowledge  of  the  influeuce  which  the  condenaation 
of  the  aqueous  vapor  in  the  atmosphere  exerts  upon  the  disturbances 
of  its  equilibrium  and  upon  the  changes  of  atmospheric  pressure  is  at 
present  of  special  importance,  since,  in  the  theory  of  storms,  we  have 
to  a  certain  degree  returned  to  the  views  of  Espy.*  This  may  be  our 
excuse  that  we  once  more  return  to  this  subject  after  having,  in  a  pre- 
vious volume  of  our  periodical,'  given  place  to  a  discnssion  upon  this 
subject.  At  that  time  I  had  to  refer  to  the  contradiction  that  appeared 
to  exist  between  the  theory  and  the  eompntations  of  Espy,  Kronig,  and 
Beye  and  the  observed  facts.  According  to  Espy  and  Beye,  the  con- 
densation of  vapor  into  cloud  and  rain  produces  a  considerable  fall  in 
pressure  under  the  place  where  the  rain  fklls.  Bnt  every  careful  ob- 
server knows,  on  the  other  hand,  that  the  tendency  of  rainfall  appears  to 
bo  rather  to  increase  the  pressure.  The  barometer  rises  during  the  rain, 
and  after  the  rain  stands  higher  than  before.  If  the  rain  had  the  effect 
computed  by  Beye,  to  diminish  the  pressure,  or  even  a  much  less  effect, 
then  would  the  reverse  take  place.  It,  indeed,  rains  generally  dnring 
low  pressures;  but  the  lowest  barometer  precedes  the  rain;— If  it  were 
a  consequence  of  the  rain,  it  would  occur  during  or  after  the  rain^l. 
Beye  has  had  the  kindness  to  go  into  the  discoBsiou  of  this  point,  and 
thereby  has  in  groat  part  removed  the  apparent  contradiction  between 
computation  and  observation.*  Be  allows  that,  in  the  case  where  the 
^ecipitation  is  produced  by  the  inflow  of  colder  air  or  by  radiation  or 
conduction  of  beat,  and  where  the  latent  heat  of  condensation  la  thus 
neutralized,  the  pressure  can  rise  during  the  rain ;  that  equally,  in  the 
case  where  new  masses  of  air  steadily  flow  toward  the  place  of  precipi- 
tation (the  rainfalls  of  a  moist  current  of  air  blowing  over  a  mountain), 
the  formation  of  a  barometric  minimnm  will  be  hindered.  Bnt  if  we 
now  consider  the  romaining  causes  of  the  formation  of  precipitation,  we 
as  s  . 
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find  all  are  inclnded  in  the  preceding  except  tbe  one  case  of  a  cnrrent 
freely  rising  in  a  qaiet  atmosphere,  and  which,  cooliog  by  espanaoD, 
precipitates  its  aqueons  vapor.  To  this  class  especially  belong  man^ 
of  our  sammer  rains,  bat  especially  the  tropical  rains. 

But  even  onr  summer  rains  also  behave,  with  respect  to  atmospheric 
pressDre,  precisely  as  we  have  above  described ;  and  with  respect  to 
the  tropical  rains,  we  road  in  general  that  they  exert  scarcely  any  infln- 
ence  upon  the  barometer,  not  even  distnrbing  the  regular  diamal  oseil- 
latioD.  Bat  apoD  this  point  only  a  computation  of  the  observations 
which  are  the  nnmerical  presentation  of  the  inflaence  of  rain  npon  the 
barometer  can  decide.  Observations  in  our  climate  are  not  convenient 
to  SDcb  a  compntation,  since  we  cannot  properly  eliminate  the  precipi- 
tation dae  to  the  inflow  of  cold  currents.  Hence,  I  have  chosen  Batavii, 
a  place  in  the  tropics  near  the  equator,  for  which  I  have  before  me  the 
three  years  of  hourly  observations  of  pressare  and  of  rainfall  pnbUslied 
by  Bergsma.* 

Before  I  proceed  to  commnnicate  the  results  of  my  compatationB,  I 
must  state  that  I  cannot  participate  in  the  view  expressed  by  B«j^ 
(vol.  8,  p.  180),  who  there  says:  "It  can,  indeed,  occur  that  npoa 
monntain-tops,  where  the  vapor  condenses  to  clonds,  the  pressure  ass 
also  diminish ;  bnt,  for  all  that,  the  barometer  need  oot  fall  at  tJie 
place,  80  miles  away,  where  the  clonds  discbarge  their  rain.''  The 
clouds  are  not  to  be  considered  as  magazines,  in  which  the  previously 
formed  rain  is  carried  along  to  be  discharged  anywhere.  There  where 
it  rains  ia  the  location  of  an  increased  precipitation,  and  the  preeeate 
must  sink  deeper  there  than  where  clonds  only  form  without  developing 
info  rain. 

The  hourly  observations  at  Batavia  show  at  once,  even  by  a  cnrsory 
review,  that  in  fact,  as  was  expected,  even  tho  heaviest  rains  scarcely 
disturbed  the  dinmal  change  in  pressare,  and  this  stands  forth  vitli 
greatest  clearness  in  the  averages.  I  took  for  compnting  the  corre- 
sponding pressures  only  the  rainfalls  which  gave  at  least  10  millimeters 
in  an  hour.  Tbe  pressures  for  one  and  two  hours  preceding  and  folloW' 
ing  the  rainfall  (often  of  many  hours'  duration),  as  veil  as  the  pressures 
during  the  first,  second,  and  third  hoars  of  rain,  were  extracted,  were 
separately  reduced  to  the  daily  means  by  means  of  the  mean  dioniBl 
variation,  and  then  united  in  a  general  average.  I  thoa  obtained  tlie 
following  nambers,  to  which  I  have  also  added  the  mean  rainfall  for 
each  hour,  so  that  one  can  perceive  how  intense  these  rains  are.  Fo^ 
comparison,  I  add  that  in  Vienna,  on  the  average,  an  entire  rainy  dsf 
in  sammer  affords  5.0  millimeters  of  water,  hat  In  winter  2.7.  Tt* 
mean  of  six  of  tbe  heaviest  rains  during  one  hoar  from  1853  to  1871  u 
20.5  millimeters. 
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Heie  also,  dnriBg  the  raiofall,  the  pressnre  rises,  and  after  the  laia 
stands  higher  than  before.  If  wb  start  with  the  pressure  before  the 
begianing  of  the  rain,  and  compote  the  boorly  changes,  ve  obtain  the 
following  rariatioDS  of  pressure: 
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The  pressnre  rises  at  the  begiDoing  and  during  the  first  hoars  of  the 
rainfall  by  about  0.35;  it  falls  within  the  two  hoars  following  the  rain 
by  0.10,  and  therefore  after  the  rain  it  always  stands  0.25  higher  than 
before.  The  ohanges  at  night-Ume  are  somewhat  smaller  than  dariag 
the  day-tioie.  I  have  also  combined  in  one  average  thirteen  cases  of 
the  heaviest  rains  (over  20  millimeters  an  hoar) ;  they  give  the  following 
changes: 
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The  barometer  stands  0.22  higher  after  the  rain  than  before  it. 
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It'  we  compare  the  mean  pressare  before,  daring,  and  after  tbe  raia 
with  tbe  annual  mean  pressure,  we  obtain  the  deviatioDS : 


fitron. 

DuriDB, 

After. 

—  D.«a 

+  0.M 

+  aso 

Since  the  mean  daily  range  bf  the  barometer  in  Bataria  amoDiits  to 
3.7  millimeters,  it  follows  that  tbe  influence  of  the  rain  is  inaignifieaiit 
in  comparison  therewith,  and  we  have  a  plain  confirmation  of  the  Btatfr 
ment  that  in  tbe  tropics  tbe  rain  does  not  disturb  the  dinmal  oacillatioa 
of  the  barometer. 

I  make  the  following  extract  from  a  letter  of  Blanford,  to  whom  I 
communicated  tbe  result  of  my  computation  of  the  Batavia  obserratioiis 
with  the  inquiry  as  to  whether  he  could  perhaps  refer  to  opposing  obser- 
rations  in  India:  "Tbe  result  yon  have  obtained  from  the  Batavia  obsei' 
vations,  viz,  that  tbe  barometer  is  lower  before  rain  than  dnring  or  aflcr 
it,  is  completely  in  accordance  with  my  own  observations  at  Calcatta." 

I  consider  the  slight  increase  of  pressure  here  demonstrated  dariDg 
and  after  tbe  raia  not  as  a  primary  effect  of  condensation  of  vapor, 
which  therefore  would  be  operating  in  a  contrary  direction  ta  that  as- 
sumed by  Espy  and  Beye,  bat  only  as  a  secondary  effect  due  to  tbe 
cooling  of  the  lower  strata  by  the  rain-drops  descending  fix>m  higher, 
colder  strata  and  by  evaporation.  Perhaps,  ajso,  the  impact  of  the  fall- 
ing water  and  tbe  air  dragged  down  with  it  contributes  somewhat  to 
the  initial  rapid  rise  of  pressnre,  but  n  reason  to  be  given  later  can  hIn 
cause  the  barometer  to  ritse  somewhat  before  the  rain. 

We  believe  oarselves  now  to  be  justified  in  the  conclusion  that  the  con- 
densation of  aqneons  vapor  in  tbe  atmosphere  has  no  appreciable  influ- 
ence on  the  change  of  atmospheric  pressnre.  Tbe  low  barometers  of  tb> 
storm  centers  can  therefore  not  be  expliuued  by  the  precipitations, 
althongh  these  latter  may  probably  be  an  occasion  for  their  develop- 
ment, to  which  point  we  will  subsequently  return. 

We  will  next  consider  the  solotion  of  the  eontradiction  that  exiiU 
between  the  theory  which  assumes  a  considerable  &II  of  pressure  nadei 
a  precipitation  and  the  above-given  results  of  observaJdon,  whidi  n- 
veal  nothing  of  tbe  kind. 

Tbe  compatation  of  Reye  on  the  magnitude  of  the  influence  on  tlio 
pressure  of  the  condensation  of  a  given  qnantlty  of  atmospheric  aqneoos 
vapor  is  based  upon  the  following  train  of  tbonght:  If  the  vapor  in  a 
mass  of  moist  air  is  condensed,  the  expansive  force  of  the  air,  and  tbere- 
with  its  Tolame,  is  at  first  diminished,  but  tbe  air  is  at  once  so  strongly 
warmed,  and  thus  again  expanded,  by  the  liberated  latent  beat  of  (be 
condensed  vapor,  that  the  original  oontraotion  is  many  times  exceeded. 
Beyo  computes  that  the  expansion  at  30°  G.  is  somewhat  more  than  five 
times  the  initial  contraction :  at  -  lO^  C.  it  is  somewhat  more  than  six 
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tiiucs  as  great.  ImagiDe  a  vertical  colamn  of  one  Rqnare  meter  Bcction 
isolated  rrom  tbe  atmosphere,  and  assoine  that  a  kilogram  of  water 
falls  therelD  as  rain,  so  that  the  rainfall  is  1  millimeter.  The  air  there- 
npoQ  expands  considerably,  and  at  a  temperature  of  10°  G.  at  the  place 
of  condensation  7.3  kilograms  of  air,  on  accoant  of  this  expansion,  either 
.ire  pressed  to  one  side  or  are  pressed  apward,  where  they  can  flow  to 
one  side.  Tlio  weight  of  the  column  of  nir,  which  on  the  average 
amoonts  to  10,336  kilograms,  or  one  atmosphere,  has  therefore 
diminished  by  S.3  kilogrnuis,  including  tbe  condensed  aqueous  vapor. 
Tbe  average  barometric  pressure  must  therefore  have  diminished  by 
8.3  -^  10336  X  700  M=  o.Cl™"' :  therefore  J  of  the  depth  of  rainfall.  This 
makes  tbe  full  in  tbe  barometer  about  7  lines,  or  nearly  16  millimeters, 
for  ao  inch  of  rain.  Uf  course  this  computation  gives  only  tbe  maxi- 
mam  change  in  the  barometer,  which  in  reality  is  by  far  not  attained, 
for  the  ontpressed  air  cannot  immediately  flow  away,  and,  moreover,  fa 
at  the  earth's  surface  in  great  part  replaced  by  colder  air  Sowing  from 
either  side  ("Die  Wirbelstiirme,"  page  215,  and  Pogg.  Ann.,  1865.  vol. 
cxxv).  Eronig  has  in  a  similar  way  endeavored  to  prove,  in  opposition 
to  Alohr,  that  the  expansion  overbalances  the  contraction  (Pogg.  Ann,, 
1864,  cxxiii). 

By  both  physicists  the  computation  is  conducted  under  conditions 
that  do  not  occur  in  nature.  Yapor  condenses,  not  spontaneously,  bat 
only  when  the  air  is  cooled ;  and  this  cooling  mnst  be  greater  than  the 
liberated  latent  heat,  or  else  it  certainly  cannot  cause  any  precipitation. 
There  remains,  therefore,  no  surplus  beat  that  can  expand  tbe  air  to 
more  than  its  prcvions  volume.  Tbe  latent  beat  of  the  vnpor  has  simply 
the  effect  of  diminiabing  tbe  cooling ;  that  is  to  say,  it  replaces  a  por- 
tion of  tuc  heat  that  is  lost.  But  a  cooling  mnst  take  place,  and  there- 
fore,  if  we,  in  tbe  above-imagined  column  of  air,  would  bring  a  kilo- 
gram of  vapor  to  condonsation,  we  must  take  away  tbe  whole  of  its 
latent  beat,  and  also  deprive  the  air  of  so  much  heat  as  corresponds  to 
the  contemplated  redaction  of  the  vapor-tension.  Tbe  mass  of  air  will 
therefore  contract ;  consequently  new  air  will  flow  in  from  above  or  from 
the  sides,  and  the  barometer  at  tbe  base  of  the  column  of  air  must  rise. 
This  is  the  process  which  takes  place  in  nature  during  tbe  precipitations 
that  occur  by  reason  of  theinflowof  a  colder  current  of  air,  or  by  reason 
of  cooling  in  consequence  of  radiation  and  conduction. 

Id  tbe  precipitations  of  ascending  currents,  beat  is  consumed  in  the 
expansion  of  the  air,  and  any  accompanying  condensation  of  vapor  and 
]il>cration  of  latent  heat  has  tbe  effect  of  dimioiBbing  tbe  cooling  of  the 
air. 

When  we  overlook  this  circumstance,  we  come,  as  Wettsteiu  did,  to 
the  question,  Whence  comes  tbe  heat  rendered  latent  by  tbe  condensa- 
tion of  vapor  T  and  to  tbe  opinion  that  a  heavy  precipitation  is  impos- 
sible in  the  atmosphere  if  this  heat  is  not  immediately  converted  into 
electricity'  (Die   Beziehuru]  tier  EUktricitUt  sum  Oeicitter,   VierteJjain- 
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ttihrijt  der  naturforachmden  QeseXUchoft  in  Zurich,  14.  Jdhrg.,  1869). 
"The  thnader-storm  begins  with  a  precipitatioD  of  vapor  iu  con- 
seqneace  of  the  cooUng  of  the  air;  this  precipitation  is,  however,  itc- 
companied  by  a  development  of  heat,  and  this  beat  developed  by  tbe 
condensation  of  vapor  constitntes  the  chief  difficulty  in  the  explanation 
of  tbnnder-storms."  Wettstein  now  compotes  for  a  few  cases  the  quan- 
tity of  heat  set  iree  by  the  condessation  of  vapor,  and  investigates 
whether  tbe  cooling  processes  that  occur  in  nature  soffice  to  remove 
this  quantity  of  beat  and  to  render  possible  the  condensation  of  vapor. 
We  will  delay  somewhat  over  this  chapter  of  the  interesting  work  of 
Wettsteiu,  because  the  citation  of  his  compatatioos  and  tbe  proof  of 
tbe  errors  that  have  slipped  in  will  best  lead  to  tbe  recognition  of  tlH 
important  jiart  that  the  ascendiog  movement  of  the  air  must  play  in  idl 
heavier  processes  of  precipitation. 

Wettsteiu  first  considers  tbe  cooling  of  ascending  moist  air.  He 
compotes  the  diwinutioD  of  temperature  according  to  a  well-kuovii 
formula  of  tbe  mechanical  theory  of  heat  for  the  case  where  no  conden- 
sation tak^s  place.  For  an  ascent  of  1,000  meters,  there  results  a  cool- 
icg  of  10°  0.  J  for  2,000  meters,  ^0° ;  for  3,000  meters  29° ;  for  4,0« 
meters,  38° ;  for  5,000  meters,  47°.  If,  now,  tbe  air  was  originally  25* 
C  warm,  and  saturated  with  vapor,  then,  by  its  ascent,  vapor  will  be 
condensed ;  as,  for  instance,  for  1,000  meters  ascent,  22.83  —  12,74  = 
10.09  grams  per  cubic  meter ;  the  latent  heat  thereby  liberated  is  10.00  x 
0.590  =  5.96  units  of  heat,  which  sufQces  to  raise  tbe  temperature  of 
the  air  and  the  condensed  water  by  more  than  1S°.5  0.  Since  tbe  osxA- 
iug  due  to  expansion  amounts  to  only  10°  C,  therefore  Wettstein  cm- 
eludes  that  precipitation  is  impossible.  In  a  similar  manner,  be  finds 
for  an  ascent  of  2,000  meters  an  excess  of  nearly  10°  C.  of  warmth,  Ew 
3,000  meters  nearly  0  ().,  and  for  4,000  meters,  0°.?  O. 

For  a  current  of  air  rising  up  to  5,000  meters,  the  cooling  is  47°.3,  and 
tbe  warming 41°.4;  therefore  tbe  resultantcooling5°.8;  from  these  figares, 
it  follows,  says  Wettstein,  that  the  lowering  of  tbe  temperature  of  the 
air,  in  consequence  of  its  expansion,  will,  up  to  heights  of  more  than 
4,000  meters,  be  neutralized  by  tbe  beating  due  to  tbe  condeusation  of 
vapor,  and  that  the  ascent  of  warm  moist  air  can  be  accompanied  by 
precipitation,  first  at  very  great  altitudes,  between  4,000  meters  and  5,000 
meters. 

Tbe  vicious  reasoning  here  presented  consists  in  this,  that  an  amount 
of  precipitation  is  introduced  iu  the  compulation  that  cannot  possibly 
occur  in  nature.  Tbe  air,  by  an  ascent  of  1,000  meters,  will,  inde«d,  in 
consequence  of  vapor,  cool  by  less  than  10°  C,  but  cool  it  will  somewhat, 
and  consequently  some  precipitation  must  occur.  We  shall  subseqaentl; 
see  that  in  tbe  supposed  case,  air  saturated  at  26°  C,  tbe  cooling  amonots 
to  fPA  for  each  hundred  meters  of  ascent,  and  therefore  for  a  tbousaod 
meters  amounts  to  4°.  This  would  give  i'or  each  cubic  meter  a  precipi- 
tation  of  4.66  grams.    If  tbe  ascending  current  has  the  very  moderat« 
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velocity  of  2  meters  per  Becond,  tbe  precipitation  on  a  base  of  one  square 
meter  in  ooe  boar  would  atnonnt  to  33.6  kilograms,  correspondiog  to  a 
depth  of  rainfall  of  33.G  millimeters.  This,  therefore,  would  give  a  rain- 
fall of  greater  iuteosity  than  has  over  yet  beeo  observed  at  Yieona.  It 
is,  therefore,  certainly  not  necessary  to  take  refuge  in  the  assnmptioD  of 
a  conversion  of  beat  into  electricity  in  order  to  explain  the  heaviest  rains 
of  tbaDder-storms  by  the  ascendiug  carrents  of  moist  air, 

Wettstein  then  considers  the  mixing  of  warm  and  colder  air.  lie  as- 
sumes that  a  cnbic  meter  of  air  saturated  at  25^^  is  mixed  with  a  cubic 
meter  of  air  also  saturated  at  0°;  there  result  2  cubic  meters  haviug, 
if  we  at  first  neglect  tbe  latent  heat  of  condensation,  a  mean  tempera- 
ture of  120.5.  These  two  cubic  meters  contain  22.83  +  4.87  =  27.70 
grama  of  aqueous  vapor";  but  at  12o.5  C.  only  21.92  grams  can  be 
contained  as  vapor  in  2  cubic  meters,  therefore  &.lii  grams  will  be  con- 
densed. This  condensation  liberates  a  quantity  of  heat  which  isBuffi- 
eient  to  warm  the  air  by  &°.6,  so  that  its  temperature  rises  to  18<^.l, 

At  this  temperature,  however,  2  cubic  meters  of  air  can  contain 
30.CS  grams  of  vapor,  or  more  than  is  contaiued  in  tbe  two  masses  of 
air  together.  It  follows,  thence,  that  precipitation  can  also  not  be  pro- 
duced by  mixture. 

Here  again  we  have  to  do  with  the  same  vicious  reasoning  as  in  the 
preceding  case.*  In  consequence  of  the  warming  of  the  air  due  to 
the  condeusatioQ  of  vapor,  5.78  grams  of  the  latter  will  not  be  con- 
densed, but  less.  By  trial  we  easily  find  that  the  mixing  will  bring 
about  a  temperature  of  somewhat  less  than  14<^.9  0. ;  2.41  grams  of  vapor 
will  condense,  wbose  latent  beat  suffices  to  raise  tbe  temperatore  of  the 
air  by  not  quite  2<>.4  C.  above  that  which  would  have  been  given  by  a 
fflixtnre  of  dry  air.  The  case  here  assumed  of  the  combination  of  maaaea 
of  air  saturated  at  25°  and  at  (P  certainly  occurs  very  seldom  in  naturej 
even  differences  of  10°  in  the  temperatures  of  carrents  of  air  are  not 
freqnent.  We  assume,  however,  now  the  very  favorable  case  of  a  mix- 
tare  of  asatorated  stratum  ofair  1,000  metersdeep  with  a  saturated  current 
15°  colder  tbrongbout  its  entire  extent.  In  its  lower  portions,  the  warm 
air  has  a  tem[>erature  of  25°,  its  upper  portion  20° ;  consequently  the 
cold  current  has,  respectively,  10°  and  5°.  Since  each  cubic  meter  of 
warm  and  of  cold  air  mutually  interpenetrate  each  other,  there  wilt  be 
condensed  from  every  pair  of  cubic  meters  in  tbe  lowest  strata  aboat 
1.0,  but  in  the  highest  strata  0.8;  on  the  average,  thnrefore  0.9  gram 
of  vapor.  This  gives  for  the  entire  depth  of  the  stratum  of  air  0.45 
kilogram  of  water  i>er  square  meter,  therefore  a  depth  of  rainfall  of  0,45 
millimeter.  The  mised  stratum  has  now  attained  a  mean  temperataro 
of  about  1C°,  but  since  tbe  cold  current  coutinuall;  supplies  uew  masses 
of  air  averaging  7°.5  O.,  the  precipitation  coutiunes  with  diminish- 
ing iotenttity  unci!  the  temperature  has  sunk  to  I0<>  at  the  bottom,  bat 
at  the  top  to  5°,  Tbe  maximum  quantity  of  water  that  can  altogether  fall 
for  a  cooling  of  7^.5  wonld  be  about  11.9  kilograms  per  square  meter, 
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or  a  rainfall  of  11.9  millimeters;  bnt  Bince  at  leoBt  4.05  kilograms 
of  air  at  10  C.  mast  be  mixud  with  each  kilograni  at  25°  ia  order  to  lover 
the  tem]>erature  to  uearly  10°,  and  to  absorb  the  latent  beat  of  the 
13.47  grams  of  vapor  that  will  thereby  be  condensed,  therefore  it  is  im- 
probable that  this  maximum  will  ever  be  attained.  This  quantity  of 
water  will  [most  probably]  be  distributed  over  a  large  extent  of  siirfaee. 

By  the  flowing  of  warm  and  cold  carreots  over  each  other,  notwitb- 
standing  the  slieht  depth  of  the  stratam  in  which  the  mixture  of  the 
air  and  coudensation  take  place,  there  can  foil,  in  the  coarse  of  time,  i 
considerable  amonnt  of  wati>r  upon  a  unit  of  surface,  bat  the  density 
of  the  precipitation  in  this  case  will  be  lesis  than  in  the  foregoing. 

From  this  exposition  it  appears  to  me  to  follow  that  the  mixture  of 
masses  of  moist  air  of  different  temperatures  cannot  produce  any  very 
intense  or  heavy  precipitation,  and  that  the  ordinary  preseDtatioo  of 
Button's  rain  theory  leads  to  an  overestimate  of  the  quantity  of  pie- 
cipitation  due  to  tbis  source.  The  fVeqnent  occurrence  of  beavy  preeip- 
itatioo  on  the  occasions  of  inflow  of  colder  carreuts  of  air  vte  ezphus  to 
ourselves  by  the  co-operation  of  an  ascending  current  in  conneoiioD 
therewith. 

The  cooling  of  the  air  at  the  earth's  surface  [itself  cooled  by  radia- 
tion] can  cause  only  local  precipitation  confined  to  a  thin  Btratom  at 
air.  In  tbis  maoDcr  originates  the  ground  fog,  which  is  with  iia  moat 
frequent  in  the  early  spring,  and  also  the  ground  fog  of  the  Polar  Be- 
gions,  often  extraordinarily  dense,  bat  reaching  only  to  a  slight  altitade, 
of  which  Middendorf,  in  his  volume  of  joorneys  in  Siberia,  has  gireo 
graphic  descriptions.  The  radiation  of  heat  from  the  moist  airitsdf, 
even  if  we,  with  Tyndall,  ascribe  to  it  a  great  power  of  radiation,  can 
certainly  only  produce  a  relatively  thin  covering  of  clonde,  whose  for- 
mation must  in  great  part  or  entirely  hinder  a  farther  loss  of  heat  from 
the  lower  strata. 

The  ascending  movement  of  moist  air  must  therefore  be  considered 
as  the  most  frnitfal  source  of  precipitation,  a  result  which  was  long  bidh 
ascertained  by  observations,  but  is  in  the  preceding  now  also  dednctivelf 
established.  We  will  in  our  next  article  turn  to  the  consideration  of  the 
causes  of  the  ascending  movement  of  the  air,  concerning  which  snliject 
in  recent  times  exbanstive  works  have  been  pnblished,  which  have  not 
yet  received  corresponding  notice  in  this  journal. 


NOTES. 

No.  1.  Zeitocbrid,  vol.  ii,  page  945. 

No.  2.  ZelUchrift,  vol.  viii,  page*  10-2  and  177. 

No.  3.  Zcilacbrift,  toI.  viji,  page  177. 

No.  4.  We  lake  thiB  occnsion  to  onipbaaiie  the  importaocc  of  Ihe  publication  of 
bonTlr  obserrationB  of  all  tbo  meteorological  elements  for  at  least  one  normal  station 
in  each  coDotry  of  average  magnitude.    Tbat  wbich  at  the  preMDt  (Mma  aDprrtaoo' 
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will  cerUiclf  io  the  fatore  befeItaaBdiuatroiui]«gleot,(rhict^insoatCMeBCiui  never 
l>e  made  np. 

No.  5.  TbU  limiUtioQ  waa  selected  wilb  reference  to  the  diurnal  taroiDg-poiDta  of 
iMrometric  pnssore ;  it  qIbo  nproes  well  with  tbe  time  durioK  vrbicb  tbe  aecendiiig  cur- 
rent of  nir  IB  ao'.ive.  Cas>;B  of  rain  ccintioiiiug  more  than  tbree  bours  aro  so  rare  tbat 
no  ftTerages  are  to  be  taken. 

Ko.  6.  Properly  tbiB  is  tbe  bonr  between  which  kod  tbe  foUoniog  tbat  ralDfall  is 
meaanred  whiob  baa  been  entered  ODder  tbe  first  boor  of  rain. 

No.  7.  Even  J,  MUller,  in  bis  Cosmieal  Pbj^aica,  bas  taken  no  notice  of  tbe  neceaaarf 
cooling,  and,  moreover,  baa  iDtrodacecl  into  tbe  compntation  tbe  latent  beat  of  a  kilo- 
gram instead  of  a  gram  of  vapor  (3d  ed.,  page  GTS). 

No.  B.  Wettateln  has  need  somewhat  different  numl>en  foe  tbe  maximnm  weigbt  of 
aqoeonsTspor  In  aonbio  meter  of  aatorated  air.  Iknow  not  whence  they  coma;  tb^ 
ace  Deilber  the  ordinary  nnmben  nor  thoae  given  In  Zeoner's  OmndiUge,  tablel,page 
B.  For  the  take  of  nniformity  with  snbseqnent  compatalione,  I  have  throngbont  snb' 
slitated  the  values  givon  by  tbe  ordinary  formula 

No.  9.  Espy,  also,  in  bia  Pbiloeophy  «f  Storms,  guided  by  similar  computations, 
has,  like  Wettatein,  i  ejected  Hut  ton's  theory  of  rain. 


In  reply  to  some  remarks  bj-  Captain  HofftDeyer,  Dr.  Hann  publishes 
tbe  folIowiDg  additional  note : 

ATMOSPHEEIC  PRESSURE  AND  RAINFALL. 


Captain  Hoffmeyer  criticises  a  partially  nqjustifiable  generalisation 
from  the  result  of  observations,  wbieh  in  striotness  only  holds  good  for 
localities  on  the  north  aide  of  the  Alps.  To  this  note,  Captain  Hoff- 
meyer adds  a  seriesof  remarks  and  conclasions  that  are  tbe  more  valaa- 
ble  in  the  theory  of  storms,  Inasmach  as  they  rest  upon  the  unprejudiced 
daily  study  of  facts,  which  at  present  are  scarcely  found  collected  to- 
gether and  collated  at  any  other  place  in  such  abundance  as  at  the 
HeteoFotogical  Institute  in  Copenhagen. 

I  can  almost  perfectly  accede  to  the  views  of  Captain  Hoffmeyer,  and 
this  will  be  erident  to  every  render  of  my  essay  publiehed  in  vol.  ix  of 
this  journal ;  but  my  objection  to  the  theory  of  Espy  and  Beye,  that  tbe 
ascending  current  of  air  ia  the  only  or  tbe  chief  cause  of  the  barometric 
minimum  at  the  storm  center,  seems  to  me  not  thereby  distarl>ed.  Ac- 
cording to  my  vny  of  thinking,  the  position  of  tbe  question  is  at  present 
as  follows:  Observations  show  that  the  heaviest  rains  in  the  tropics 
have  so  slight  an  influence  on  the  atmospheric  pressure  that  they  are 
unable  in  the  least  to  disturb  tbe  regular  diurnal  variation  of  pressure. 
Now,  It  seems  to  me  illogical  to  assume  that  the  same  cause  can  under 
quite  analogous  conditions  be  accompanied  by  opposite  consequences. 
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The  objection  that  the  tropical  raias  (and  the  snmmer  rains)  are  of 
mnch  more  local  natnre  than  the  winter  rains  of  temperate  and  arctic 
tatltodea  I  can  only  designate  as  a  make-shift,  tor  the  great  intensity  of 
the  tropical  (and  sammer)  rains  must  make  op  for  their  sligtit  extent 
at  least  so  far  that  a  tendency  to  a  fall  of  the  barometer  mnst  be  evi- 
dent in  the  observatioDB.  The  demonstration  that  the  tropical  rains 
always  have  a  less  extent  than  the  precipitations  accompanying  the 
storms  of  higher  latitudes  most  at  any  rate  be  Brat  prodaced,*  and  after 
that  the  proof  will  still  have  to  be  given  showing  why  the  heat  liberated 
by  the  ten  and  twenty  times  heavier  equatorial  rains  caoDot  canse  an 
ascending  carrent  intense  enongh  to  canse  a  depression  of  even  2  or  3 
millimeters  in  the  barometer  at  the  earth's  sarface,  while  our  winter 
rains  are  accompaniod  by  depressions  of  30  or  40  millimeters. 

We  have,  on  the  other  band,  no  observations  that  would,  beyond  doabt, 
prove  that  the  formation  of  clouds  and  raiu  is  alone  able  to  sensibl; 

*  I  am  persDiuled  that  in  many  tropical  coDDtiies,  espmially  in  the  eqnatorial  eom 
itself,  doriDgthe  rainy  period,  precipitatioD  occDTssimnltaneonBlyovera  legion  which 
is  at  best  OH  large  as  that  wbicb  correaponds  to  tbe  ta»t  balf  of  oar  own  KTolviBg 
storms.  It  is  a  rather  widespread  error  that  tbe  rainfall  In  the  tropica  always  oociin 
In  the  form  of  local  thnnder-Btorms.  There  occor  eqaally  uniform  and  conslwit  raiu 
there,  aa  is  Ibe  case  with  onr  own  general  raioa.  Oa  this  poiot,  1  refer  only  to  the 
Beporta  of  Fraotzlas  on  the  Atlantic  Coast  of  Central  America  ("  Zeitechrifl  fOr  £[d- 
kande,"  1SG3),  of  Hambaldt  aad  of  Bates  ("DerNaturfoTScbec  am  AmBEonenstroai'') 
on  the  region  of  the  Amazon ;  e.  g.,  Bat«8  says :  '■  From  tbe  14th  to  18tb  Jannarj  tl>t 
weather  was  bad ;  it  rained  sometimes  twelve  boors  in  snoceasioD,  not  heavy.  Indeed, 
hut  steadily  driuling,  as  in  England."  As  soon  as  we  approach  tbe  eqoator  within  3^  of 
latitude,  we  seldom  find  opportunity  to  observe  son  and  stars.  The  mlsaionary  in  Sh 
Antonio  de  Javita  asaorea  ns,  says  Hnmboldt,  that  he  has  often  seen  it  rain  hen  fbw 
or  five  months  without  ceesation.  These  oreoertaiuly  no  local  r^ns,  for  theee  remark* 
refer  to  the  uniform  lowland  of  the  Middle  Amazon  and  to  the  Bio  Negru.  Even  ia 
Vienna  it  is  seldom  that  rains  coutinne  twenty-fonr  hours  or  more.  According  to  the 
live  years  of  registers  of  arain-antograph,  there  ooonr  on  tbe  average  in  aycAr  only  1.3 
precipitations  that  last  over  twenty-fbnr  honn,  (See  Hann,  Met.  Windtoeen  fir 
Wien,  Sitib.  K.  Atod.,  1867.) 

By  reasonof  tbe  great  attentloD  that  travelers bave  given  to  the  rtignlar  doily  chniigM 
of  the  barometer,  it  would  be  highly  remarkable  if  any  connection  between  tbe  nii 
and  tbe  baronietrio  depreedon  hadeeoaped  them  in  aclimatewheretbereare  no  irreg- 
ular changes  of  preeaoro  in  conseqnenoe  of  ohaoges  of  wind-direction.  And  yet  on* 
finds  no  no'.e  as  to  the  presence  of  any  snch  relation  between  rain  and  praaanre— -tb* 
remarks  espresa  themselves  directly  against  snch  conneotioo.  I  will  here  quoteoDl; 
one  passage  from  Herschol's  Meteorology,  page  163;  "Colonel  Sykes  remarks  (PbiL 
Trans.,  1650)  that,  among  many  thoasand  observatious  taken  personally  by  himself  on 
the  plateao  of  the  Deacon  (1825- It^O),  there  was  not  a  solitary  Instance  In  which  tb 
barometer  was  not  higher  at  9  or  10  a.  m.  than  at  snuTise,  and  lower  at  4«r  5  p.  m.  thia 
at  9or  10  a.  m.,  whatever  tbe  stateol  tbe  weather  might  be."  Hambaldt  also  obserres 
(tomo  1,  p.  30aj :  "This  regularity  is  such  that,  in  the  daytime  especially,  we  may  infer 
the  hour  from  tbe  height  of  the  column  of  mercury  without  being  in  error  on  an  t.nt- 
age  moro  than  15  or  IT  minutes.  In  tbe  torrid  zone  of  the  new  continent  I  have  Ibuod 
the  regularity  of  this  ebb  and  flow  of  the  aerial  ooean  undisturbed  either  by  etorffl, 
tempest,  raiu,  or  earthquake,  bolb  on  tbe  coasts  and  at  elevations  of  nearly  13,C00  feet 
above  tbe  luvel  of  the  aea." 
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dimiuiah  the  atmospherio  preaaure.  Bat  wbea  now  we  see  tliat  the 
preesare  io  the  ceDter  of  a  whirl  Binks  very  low  bo  soon  as  these  rains 
&11  in  conseqoenee  of  a  rotatory  motion  of  the  air,  mast  we  then  uot 
oonolnde,  not  that  the  rain,  bat  more  probably  the  whirl  itself,  is  the 
cause  of  the  baromelrio  depression,  especially  as  mechanical  principles 
teach  as  that  ia  the  midst  of  a  rotating  mass  of  air  the  pressure  mast 
decrease  toward  the  axis  of  rotation  t  I  therefore  believe  that  in  the 
present  state  of  onr  knowledge  of  the  phenomena  of  stonus  we  mnst 
seek  to  explain  the  barometric  minima  of  the  storm  centers  by  dynami- 
cal laws.  A  step  in  this  direction  has  been  made  by  Fenel  (see  "Silli- 
man'a  Joornal,"  Jannary,  1861  j  and  "  Nature,"  July,  1871)."  I  will  re- 
nounce this  view  whenever  any  one  shall  have  completely  demolished 
the  objections  that  can  be  raised  against  the  origin  of  barometric  minima 
in  conaeqaence  of  an  ascending  air-carrent  without  rotatory  motion. 

I  have  acknowledged  that  I  have,  in  fact,  expressed  myself  too  gen> 
erally  in  reference  to  an  ohaervatioo  that  one  can  with  ns  note  at  any 
time,  and  HoQhieyer  remarka  that  in  Denmark  also  the  heaviest  r^os 
mostly  occar  daring  the  lowest  pressnres.  Of  course,  however,  tbia  does 
not  prove  that  the  rain  mustbethecaaseof  the  low  pressure.  This,  and 
the  justification  of  my  statement,  at  least  for  all  places  that  are  pro- 
tected from  the  aontk  and  soathwest  winds,  will  be  abown  by  the  follow- 
ing collation  of  the  results  of  observations. 

fflni-rotM  /or  Barometric  Pretture  and  Ferctnlaget  of  Bainfall, 
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On  the  lee  side  of  the  Alps  (as  at  Vienna]  and  of  the  Biesengebirge 
[i^  Qiant  MouDtains  between  Bohemia  and  Prussian  Silesiaj  (as  at  Bres- 
lau,  Zechen,  and  Gorlitz),  the  greatest  precipitation  occurs  with  W.  and 
N W.  winds,  but  on  the  North  German  slope  with  SW.  winds.  Even  here, 
however,  the  lowest  pressore  does  not  perfectly  coincide  with  the  max- 

[*NoTE  BT  TiiB  Trakbutor. — Mr.  Ferral's  first  memoir,  Naahville  Jooroal  of  Me<lU 
c'lDD  and  Snigery,  xl,  1856,  and  bis  eleKsnt  mftthomatlcal  paper  pablished  in  Tha 
Uatliematical  Monthly,  IB59  sad  1860,  Tols.  il  and  Hi,  appear  not  to  bave  lieen  acceBBl- 
lilc  t«  Professor  Hudd.] 
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imam  raiufall,  and  the  wind-rosee  of  Zeoben  and  Yienaa  abow  tUat  ia 
fact  it  caonot  be  depeodent  npon  tbe  latter.  The  diBtribation  of  prea- 
sure  Id  tbe  wind-roses  sbows  no  dependence  upon  the  distribaUoD  of 
rainfall,  and  this  is  further  testimony  that  the  rain  cannot  be  the  caose 
of  tlie  low  pressDre  during  S.  and  SW.  winds.  If  we  unite  into  one 
mean  tbe  corresponding  values  for  tbe  places  baving  similar  distribatioB 
of  rain,  wo  obtain  the  following  more  general  series  of  figores : 


KE. 

B. 

SK     1      ,. 

...  1   w. 

KW. 

s. 

Utrecht                  i  Barom 

3 
781,8 

9 
760.1 

^X.3 

S! 

w 

n 

5 

If  we  start  with  the  lowest  barometric  reading,  and  form  tbe  changes 
of  pressure  by  passing  from  one  wind-direction  to  tbe  next,  we  obtaia 
tbe  following  series  of  numbers : 


Siusa  A. 
ITaximtim  rain  uitt  KW.  wind,. 

6EUUB. 

Maximum  rain  witt  Sir.  uinib. 

SW. 

W. 

irw. 

. 

8. 

Sir. 

w. 

SW. 

r  ■           U 

13 

A 

+1.5 

11 
+1.B 

PM*Ml«0llUlgei 

0 

so 
+o.e 

18 

+1.S 

Prewnre  changes 

+M 

Therefore,  in  spite  of  the  increasing  rainfall,  as  the  wind  veexn  fion 
SW.  to  N\V.  tbe  prcssare  increases  b;  3.4  millimeters  in  series  A.  If  the 
rain  caused  tbe  slightest  sensible  fall  in  pressure,  tbeo  in  the  wind-roses 
for  Vienna,  Brealau,  &c.,  the  minimnm  of  pressare  would  change  from 
tbe  south  to  tlie  west  side.  But  notwitbstanding  that  only  little  tain 
falls  with  S.  and  SW,  winds  in  Yienun,  Breslau,  &c.,  still  tbe  atmos- 
pheric pressure  is  lowest  with  these  winds,  precisely  as  at  those  places 
for  wbicb  the  masimum  raiufall  and  tbe  minimnm  pressure  nearif 
coiucide. 

Since  on  the  north  sloiioof  the  Alps'  and  ou  the  northeast  side  of  the 
liicBcngebirge,  tbe  heaviest  precipitations  occur  on  tbe  southwest  side 
of  tbe  storm  center,  therefore  the  latter  should  receire  a  tendency  to 
remain  stationary  or  even  to  retrogress.  This  deserves  a  farther  exsn- 
ination. 

*  Especially  in  the  valley  of  VieDns,  Id  Munich  and  KremBmUostor,  the  utuimnm 
TalnfuII  appears  to  occdt  \rh\L  vest  winds;  bnt  Vieoaa  is  also  protected  od  tbe  iTMt 
by  spnre  of  tbe  Alpa. 
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THE    LAWS    OP    THE    VAHIATION    OF    TEMPEEATDKE   IN 

ASCENDING  CUBKENTS  OF  AIB,  AND  SOME  OF  THE  MOST 

IMPOfiTANT  CONSEQUENCES  DEDUCIBLK  THEREFROM. 

Br  Dn.  J.  ITasx. 

tTmulstcd  bj  Clavelund  Atiba  from  Zolt  Ocn.  GiwIL  Urt.,  l<r;4,  ii,  pp,  331  cl  wf  ] 

Ooly  in  the  last  ten  years  bave  we  really  beguu  to  fully  credit  and 
establish  physically  the  great  importance  of  the  asoentling:  movement 
of  air  for  a  whole  series  of  atmospheric  pheaomena.  Thit),  for  instance, 
can  be  clearly  seen  when  we  seek  to  collect  the  sentences  relaling  to  the 
asceadinfr  currents  in  tbe  carefully  and  comprehensively  compiled  Lebr- 
bach  of  E.  E.  Schmidt,  Leipsic,  1860.  Notwithstanding  that  the  cool- 
ing of  ascending  air  in  conseqneoce  of  expanaioo  could  long  since  have 
been  computed  by  means  of  an  equation  deduced  by  Poisson,  still  wo 
have  made  ouly  fruitless  efforts  in  its  application  to  atmospheric  phe- 
nomena, and,  for  instance,  have  nought  to  explain  tbe  precipitation  on 
the  flanks  of  a  moontain  over  which  a  warm  current  is  blowing  mostly 
by  tbe  contact  of  tbe  rising  air  with  tbe  cool  earth,  also  by  tbe  mixture 
of  tbe  air  with  the  higher  colder  strata.  Evidently,  it  has  been  con- 
sidered not  quite  certain  how  far  the  equation  of  Poisson  is  applicable 
to  the  processes  in  the  free  atmosphere;  for  there  was  no  appropriate 
example  at  hand  by  means  of  which  to  demonstrate  quantitatively  the 
dimination  of  temperature  with  altitude  in  accordance  therewith.  The 
minute  study  of  the  FSbn  phenomena  first  led  to  sncb  knowledge,  and 
showed  the  difference  of  temperatare  demanded  by  the  theory  between 
the  lower  and  upper  strata  of  a  descending  current  of  air  and  the  cir- 
•umatances  which  enforced  the  recognition  of  the  connection  between 
cause  and  effect.*  Tbe  theory  of  asceoding  movements  of  air  has,  how- 
ever, experienced  a  very  important  advance  through  the  labors  of  cer- 
tain physicists  (W.  Thomson,  Reye,  Peslin),  who  bare  deduced  ttom  the 
principles  of  tbe  mechanical  theory  of  heat  tbe  laws  of  the  variation  of 
temperature  in  ascending  or  descending  dry  or  moist  masses  of  air. 

In  oor  Zeitachrift  we  hare  as  yet  presented  noreport  on  these  important 
labors,  and  as  they  have  also  not  as  yet  beeu  presented  in  tbe  physical 
or  meteorological  text-books,  we  consider  it  proper  here  to  explain  and 
to  deduce  the  most  important  propositions  in  the  simplest  manner  pos- 
^ble, 

1. 

The  Amount  of  the  Dimintition  of  Temperature  m  A.8cmding  Currents  of 
Air  in  vltich  no  Condensation  of  Vapor  oeeura. 

Let  dQ  denote  a  very  email  quantity  of  beat  imparted  to  or  abstracted 
firom  a  unit  weight  of  air ; 
e,  the  specido  heat  of  air  at  constant  pressure  ™  0.2376; 
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dt,  the  Bligbt  Change  of  temperatare  which  is  prodaced  by  dQ ; 

J,  the  mecbsnical  equivalent  of  a  unit  of  beat  =  424  kilogram-meters; 

Kf  the  constant  qaaotity^^,  which  for  the  atmosphere  eqnalB  29.3, 

and  where j>o  <3  the  preBsure  of  one  atmosphere  apon  a  sqaare  meters 
10^  kilograms; 

ro  is  the  volume  of  a  onit  of  weight  of  air  at  the  pressure  pa  and  ten- 
perture  {K>  C.j 

273  is  the  zero-point  of  the  Celaias  scale  according  to  scale  of  abw- 
lato  temperatures; 

T,  the  temperature  measured  from  the  absolate  zero-point  =  273°  + 1; 

t,  the  temperatoro  according  to  the  Celsius  scale. 

We  now  have  the  equation* 

dQ  =  cdt^^.^^. 
J     p 

If  the  mass  of  vapor  rises,  and  if,  as  is  the  case  in  nature,  best  is 
neither  added  nor  taken  away,  its  temperature  will  change,  since  undet 
dimlDishing  pressure  p  its  volame  iocreases.  In  this  case,  dQ  =:  0,  aod 
tbe  connection  between  the  temperatare  and  the  change  of  presstmii 
given  by  the  equation 

^r  p 

For  tbe  slight  elevation  dh,  the  diminntiou  of  pressure  dp  is  given  1^ 
tbe  equation 

—  dp=ipdh, 
where  p  is  tbe  density  of  the  air  under  tbe  pressure  p. 

From  pv  =  BTit  follows,  since 


that 

whence 

Q=zcdt-^jdh, 

or,  when  the  values  of  J  and  e  are  introduced, 

^  =  --1=- 0.009907; 
dh  JO  ' 

tbe  quotient  ^  represents  the  relation  between  the  variation  of  tem- 
peratare and  of  altitude,  and  therefore  gives  the  chaoge  in  temperaton 
or  tbe  cooling  of  tbe  rising  mass  of  air  for  an  ascent  of  one  unit  of  lengtli; 
that  is  to  say,  fi>r  one  meter.  Oonsequently,  tbe  cooling  of  the  asoeod- 
ing  air  amounts  to  almost  exactly  V>  O.  for  every  100  meters,  aad 
remains  tbe  same  no  matter  at  what  level  tbe  ascent  begins*  or  what  tb< 
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iDitial  temperatare  may  have  been.  Conversely,  a  descending  carrent 
of  air  grows  warmer  at  the  rate  of  1°  O.  per  100  meters. 

If  the  rising  air  contains  aqacoos  vapor,  and  if  tfae  latter  is  not  con- 
densed becanse  the  air  remains  relatively  dry,  and  its  ascent  has  not 
continaed  sufficiently  high,  then  will  the  diminntion  of  temperatnre  be 
somewhat  slower,  since  the  specific  beat  of  aqneona  vapor  (0.4805  accord- 
ing to  Regnaalt)  is  somewhat  higher  than  that  of  the  air,  bnt  to  so  slight 
an  extent  that  we  can  entirely  neglect  this  retardation,  and  be  entirely 
satisfied  with  the  above  adopted  valae  of  1°  G.  per  100  meters.  The 
weight  of  vapor  contained  in  one  kilogram  of  moist  air  is  at  the  atmos- 
pheric temperatnres  so  slight  in  comparison  with  the  weight  of  the  air, 
that  the  somowbat  greater  specific  beat  of  the  damp  air  can  exert  bat 
little  indaence. 

If  g  represents  tbe  weight  of  aqneoas  vapor  contained  in  a  kilogram 
of  moist  air; 

l~q  =  the  weight  of  Cbe  dry  air: 

&  =  tbe  specific  heat  of  the  moist  air,  will  be  given  by  the  expression 
&  =  0.2375  (1-a)  +  0.4805  q  =  0.2375+0.2430  q. 

Tbe  value  of  q,  which  always  remains  a  very  small  fraction,  is  found 
from  tbe  following  equation :  * 

g  =  0.623 - 


-  0.377  e ' 
or  very  nearly 

3  =  0.6231; 
i» 
where  e  represents  the  tension  of  vapor,  and;  the  total  pressure  or  height 
of  barometer  when  both  qnantities  are  measured  by  tbe  height  of  a 
eolamn  of  mercury.  For  instance,  if  the  ascending  air  baa  at  30°  O.  a 
relative  humidity  of  60  per  cent,  for  which  «  =  18.9  millimeters,  then 
will  q  =  0.01664 ;  whence  c'  =  0.2413,  and  the  quotient 

^=—i;  = -0.000761. 
ah  ■/c' 

Tbe  change  in  temperatare  is  therefore,  for  every  100  meters,  only  O^.OIO 
smaller  than  for  dry  air.  The  entire  error  introduced  by  extending  the 
compatation  to  900  meters  above  which  condensation  follows  amounts 
therefore  only  to  0°.14  0. 

We  may  be  allowed  here  to  add  some  further  remarks  upon  tfae  rela- 
tions between  the  temperature  and  pressure  of  the  air.  The  formula 
previously  found  gives  directly  the  change  of  temperatare  as  dependent 
upon  the  change  in  altitude  of  a  mass  of  air ;  we  will  now  seek  for  a 
relation  which  expresses  the  change  of  temperatnre  dependent  upon  a 
change  of  pressure.  From  the  fundamental  equation  first  laid  down,  it 
follows  directly,  ifdQ  =  0,  that— 

dt     B  .  r 


if  for  R,  c,  J,  tbe  values  already  given  be  introduced,  and  tiit 


■Sf'iKL 
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273.  From  this  equation,  it  folkivs  that  at  the  surface  of  the  eartb,  ot 
p  =  760  miUimeters,  n  chuige  of  temperature  of  0*^.104  G.  corresponda 
to  a  chauge  of  pressure  of  1  millimeter,  ao  tbnt  a  barometric  MI  of  20 
millimeters  corresponda  to  a  cooling  of  2°.l  0.  Bat  since  sacb  a  fkll  io 
pressure  requires  nith  ns,  nnder  the  most  favorable  case,  an  interval  of 
twenty-four  bonrs,  therefMe  are  the  changes  of  temperatare  reSDldng 
from  this  cause  completely  hidden  by  greater  changes  due  toother  causes, 
and  I  do  not  think  it  will  be  possible  to  demonstrate  them.  When, 
therefore,  Sir  John  Hcrschel  considers  the  rapid  fall  in  pressore  as  a 
very  tVeqnent  inducement  to  the  formation  of  precipitations,  which  latter 
be  calls  barometric  togB,  and  minutely  characterizes  them  at  page  93  of 
his  Meteorology,  he  therein  evidently  overestimates  the  fall  of  tempa- 
ature  due  to  this  source.  On  the  other  band,  in  the  tropical  cyclooes, 
in  which  the  air  Sows  into  a  space  wherein  the  pressare  has  been  dimin- 
ished by  from  40  to  60  millimeters,  sensible  precipitations  due  to  tbk 
cause  can  occur.  The  fnndumental  eqnatiou  on  pnge  23  can  be  written 
thus: 

^p  _cJ  At 

'p~'E"T- 
The  integration  of  this  equation  gives,  if  by  p,  T,  and  by  j>',  T,  «e 
designate  the  values  of  pressure  and  absolute  temperature  that  beloog 
together, 

or 

p_/r\K77. 

siuce  we  have,  as  before  shown. 


■=,-'.=  J, 

then  is 

c fc_ 

where 

or  the  ratio  of  the  two  specific  heats  of  air ;  therefore, 
h 


p^/TNrr 


^  _/'273°+t\t=J  ^  fl+at  \I=I 
Ji'     V2730+(V  \l  +  at'J      ' 

But  this  is  the  well-known  equation  of  tensions  deduced  in  an  entirely 

diflferent  manner  by  Poisson.    The  value  of 


=  SAii,        or        lc  =  1.41, 
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an  be  dednced  trom  the  above  given  valnee  of  o,  B,  and  J.  Obserra- 
tions  on  tfae  velocity  of  sound  is  the  air  give 

ft  =  1.40,       OP       J^  s  3.6. 
Inveresly, 

^^  =  0.2907  or  0.2807, 
and  with  this  we  have 

From  Poisson'a  equation  we  cau  also  directly,  and  therefore  vithoat 
the  assistance  of  tbe  priociples  of  the  mechanical  theory  of  heat,  dedace 
tfae  espreasion  for  tbe  dimiDatiou  of  heat  with  altitude  given  on  page 
2i,  and  may  therefore  represent  it  as  a  simple  fancdoa  of  the  density  or 
tbe  pressure  of  tbe  strata  of  air  at  different  altitodw.  If  we  combine 
the  eqaation 

with  the  self-evident  relation 

p      n'  T 

ve  obtain 
and  tbenoe 

|.=(?)'=G)' 

If  in  the  equation  dp  =  8dkvB  aabstitnte  for  dp  tbe  differential  of 

integrate,  and  consider  that 
we  find 

(William  Thomson  on  the  Oonvective  Equilibrium  of  Temperature  in  the 
A.tmosphere,  Mem.  Lit.  and  Fbil.  Soo.  of  Mancbester,  3d  series,  vol.  ii, 
18C5,  read  January  21, 1862.) 

In  this  eqaation,  I*,  y,  and  j/  are  the  values  of  temperature,  density, 
and  pressure  that  obtain  at  any  moment  in  the  initial  stratum  of  air. 
For  tbe  surface  of  the  earth, 

p'  s  10333  kilograms, 

fl'  =  1.293.  p, 
26  s 
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wbere  To  =  273°,  coirespODds  to  the  zero-poiot  of  the  Celsias  ecale. 
Since,  therefore,  we  can  dow  iotrodace  GelsiDs^s  degrees  instead  of  abu- 
late  temperatares,  we  find 

(  =  ('- 0.009932.  A, 
tlierefore  agaia  the  constant  diminntlon  of  temperatnre  of  1°  0.  for 
every  100  meters,  if  we  omit  the  consideratioo  of  the  correction  of  the 
density  for  variation  of  gravitation. 


Determination  of  the  Diminution  of  Temperature  in  an  Aaeending  Current 
of  Saturated  Moiat  Air  which  continually  condenses  a  Portion  of  id 
Vapor. 

If,  while  the  mass  of  air  rises  tbroagb  the  alight  elevation  dh,  the 
small  quantity  dq  of  vapor  be  condeneed,  then  will  the  qnantity  of  heat 
rdq]M  liberated,  if  r  represents  the  latent  beat  of  agneoDB  vapor  at  tbe 
prevailing  temperatnre  t.  For  moist  air  far  removed  from  the  point  of 
eatnration,  we  havefoand  the  equation 

c'dt=-^dh, 
in  which 

> 

represents  the  equivalent  of  the  qnantity  of  beat  which  is  abstracted 
from  the  mass  of  air,and  goes  over  into  the  work  of  expansion,  whereby 
the  temperatnre  sinks  by  dt  degrees. 

This  qnantity  of  heat  drawn  from  the  mass  of  air  will  now  only  is 
part  affect  it,  since  the  liberated  latent  heat  of  condensation  takes  up 
the  other  part.    Therefore  the  equation  mast  now  stand 

o'dt+rdq  =  -jdh. 


there  follows 

log  J  =  log  0.623  +  log  »  —  log  J», 

dq  _  de      dp 

whence 

,          de        dp 
dq  =  q o  — : 

and,  by  snbstitntion  in  the  original  equation, 

&dt+rq^~rq^  +  jdk  =  0. 

.Since  now 

dp  =  —  pdh, 
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vhence 

then  will 
and  hence 

ij_       '+'-»'^^. 

d**'       ,  -  .        ,1   de' 

This  derivatioD  of  tbe  law  of  cooling  of  moiat  air  is  doe  to  Peslin, 

who  first  gave  it  ia  his  memoir  "Sar  Iob  MooTements  O^n^ranz  de  I' At 

mosphire;  Boll.  Hebd.  de  I'Association  Scientifiqne  de  France,  torn,  ill, 

1868."    Even  before  him,  Sir  William  Thomson,  in  1862,  deduced  a  very 

similar  relation,  bnt  the  derivation  given  by  Peslin  is  somewhat  shorter 

and  more  elegant. 

dt 
The  qaotient  jr  represents  the  diminution  of  temperature  In  the 

ascending  moist  mass  of  air  for  an  elevation  of  one  nnit  of  length.  The 
dimiontion  of  temperature  is  now  dependent  npon  the  quantity  of  vapor 
contained  in  the  sir,  and  is  therefore  variable  according  to  the  tem- 
perature at  which  the  air  Is  saturated  with  vapor.  For  r  =  0,  that 
is  to  say,  in  case  no  coudeusation  occurs,  the  equation  resolves  itself 
iuto  that  already  above  given  for  dry  air,  as  it  should  do. 

Iq  order  to  attain  a  more  accurate  insight  into  the  changes  of  tem- 
perature of  moist  ascending  air  at  different  initial  temperatures  and 
different  altitudes,  it  appears  to  be  most  convenient  to  compute  and  pre- 
sent in  one  table  the  values  of  ^  for  various  values  of  e  and  g,  which 
latter  quantity  also  depends  upon  the  pressure  of  the  air.  Previously, 
however,  we  must  more  closely  consider  the  quantities  that  enter  into 
tbe  composition  of  tbe  formula.  The  product  r.gJ  represents  the  me- 
chanical equivalent  of  the  latent  heat  of  all  tbe  aqneous  vapor  contained 
in  a  kilogram  of  moist  air,  and  its  computation  is  subject  to  no  difficulty ; 

-  is  a  constant;  if  the  density  at  tbe  temperature  0°  and  at  the  normal 
pressure  of  one  atmosphere  (10333)  is  denoted  by  i>  3=  1.29277,  then,  siuce 
/.  =  Dp,i36.09730the  valneof  thelogarithm  ^-     Finally,   the   factor 

-  •  -jj  is  computed  moat  simply  by  means  of  the  formula  given  by  Magnus 
for  the  maximum  tension  of  vapor  for  any  temperature  /■  This  for- 
mula reads: 

e  =  4.625  X  10*^ 
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vhere 

a  =  7.4475 
and 

b  =  234.69. 
If  we  take  the  logaritbms  and  differentiate,  we  obtain 

de    1  _  If      "& 

aod  after  introdaeing  tbe  nnmericat  valaes 


de    1 


[3.604721 
"(234.1  +  *)»* 


where  the  Dnmber  inclosed  iQ  brackets  is  the  logarithm  of  the  prodact 
of  Mab  (*),  the  latent  heat  r  of  aqneoas  vajwr  at  diflereot  temperatares 
is  compnted  according  to  the  formula  of  Glaosias, 

r  =  607  -  0.780  t 
Foe  tiie  temperatnres  betow  0^  is  stitl  to  be  added  tbe  heat  liberated  on 
the  passage  of  water  from  the  fluid  to  ihe  solid  condition:  it  amounts  to 
80  calories.  Since,  however,  at  0°,  vapor  can  be  coDdeosed  in  a  fluid 
fonn,  I  have  computed  the  dimioDtion  of  heat  without  incladiug  this 
additive  heat  for  0°.  The  diOerenceB  are,  however,  quite  noimportaDt, 
siDce,  for  760  millimeters,  we  have  dk  =  0.63  for  t  =  —  0°,  but  =  0.(i5 

for  t  =  +  0° ;  for  200  millimeters,  we  have  ^  =  0.38  for  «  =  —  0°,  and  = 

dh 
0.40  for  t  =+  Oo. 

The  table  thus  compnted  is  as  follows : 
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The  preceding  tables  give  in  a  conveuient  maiiDer  answere  to  all  ques- 
tious  that  relate  to  the  temperature  of  an  asoeDding  Batorated  current 
of  air.  If  the  aaceDdlng  air  is  not  satarated  with  moistnre,  ita  cooliDg 
follows  at  first  the  laws  for  dr;  air,  aud  the  figures  of  the  abore  table 
first  come  into  application  when  the  cooling  has  reached  the  dew-point. 

But  before  we  draw  any  farther  conclasions,  we  mast  first  refer  to  the 
equation  fos  the  espansioQ  of  eatarated  moist  air  which  Beje  has  do> 
daced  (see  "Die  Wiibelstiirme,  p.  215,  or  Scblomilcb,  Zeitschrift  Matb. 
nod  Phjsik,  1864).  It  ia  the  analogoe  of  Poiseon's  equation  for  the 
elasticity  of  dry  air.  If  we  desiguate  by  x  and  sf  tbe  specific  qaautity 
of  vapor  for  the  absolute  temperatares  T  and  T  (tbat  is  to  say,  tbe 
maximam  weight  in  kilograms  of  tbe  vapor  contained  in  one  cubic 
meter),  by  tt  the  initial  pressure  in  tbe  atmosphere,  by  r  aud  r'  tbe 
latent  heat  of  aqueous  vapor  at  the  temperatnres  T  aud  f,  and,  instead 
of  the  uomerical  coefficients,  write  their  logarithms  wilhiu  brackets,  we 
obtain  the  following  equation:* 

,„g(j)=(3.«38  +  [M14.,j:2:),„,|+Ii:^'l(„|:_^^). 

This  formula  enables  us,  for  a  given  initial  and  final  temperature  and 
a  given  initial  pressure  (in  atmospheres),  to  compute  tbe  pressure  cor- 
responding to  the  final  temperature.  For  instance,  the  initial  tempera- 
ture of  a  moistcurrentof  air  which  rises  from  tbe  earth's  surface,  where 
n  =  1,  i8  20O0.,  or  T*  =  293°;  and  if  we  desire  the  pressure,  or  tbe  nlti- 
tode  at  the  moment  when  the  temjierature  has  sunk  to  10°  O.,or  T*  =  283, 
then  we  have  of  =  0.01715,  x  =  0.009J6  kilograms,  rg  =  592.6,  r  =  599.6, 
and  there  results 

log£,  -  0.23C60  +  O.I0033S  -£•'; 

by  means  of  many  trials,  we  find  from  this, 

£;  =  0.780, 
P' 

or  a  barometric  pressure  of 

0.780  X  760  =  593  millimeters. 
This  for  a  mean  temperature  of  15°  0.  corresponds  to  an  altitude  above 
sea-level  of  2,105  meters.  The  average  diminution  of  temperature  of 
the  ascending  current  is  therefore  0°.47  0.  per  100  meters.  Using  our 
table,  page  29,  we  should,  starting  first  with  20^,  have  found  0°.15  0. 
I>er  100  meters,  or  approximately  10°  in  2,200  meters,  therefore  at  a 
pressure  of  somewhat  less  than  COO  millimeters.  Since  now  for  10° 
«nd  GOO  millimeters,  according  to  the  table,  the  diminution  of  tempera- 
tare  is  0.49  per  100  meters,  therefore  tbe  mean  diminution  is  0.47,  and 
the  exact  elevation  for  a  cooling  of  10°  is  given,  as  above,  almost  with- 
ont  compalation. 

If,  however,  we  inqoire  with  what  temperature  a  saturated  moist  cor- 
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rent  of  air  arrives  at  a  givea  altitude,  and  this  is  the  nsaal  qnestioD  in 
meteorological  iDvestigatioDs^  tbea  ve  cannot  nse  the  above  eqnatioo, 
because  it  already  assumes  a  knowledge  of  the  final  temperature ;  on 
tUe  otber  band,  onr  table  gives  ati  ooce  abundantly  eufflclent  informa- 
tion. The  initial  temperature  of  the  cDrrent  of  air  may,  for  iostaace,  be 
10°  U.,  and  the  altitude  to  which  the  air  must  rise  =  8,000  Paris  feet 
=  2,600  meters.  The  table  first  gives  approximately  the  cooWng  =  <i°M 
X  26  =  14.0,  therefore  a  flual  temperature  of  —4°.  At  the  altitude  of 
2,C00  meters  for  —4°,  the  temperature  diminution  ia  0.61.  The  mean 
temperature  diminntioD  is  therefore  0.S7  per  100  meters,  and  at  8,000 
Paris  feet,  or  2,600  meters,  the  temperature  is  — 4°.S  0.  The  error 
that  we  introduce  would  be  quite  unimportant  if  for  sach  sligLt 
altitudes  we  only  used  the  initial  rate  of  diminution  of  temperature. 
While  a  moist  current  of  air  cools  by  only  14'3.8  0.,  a  dry  cnrrent  would 
cool  26°,  and  therefore  show  a  temperature  of  ^10°  O.  If  now  the 
air  sinks  ou  the  otber  side  to  ita  original  level,  it  is  warmed  by  26°, 
whether  dry  or  moist.  The  temperature  of  the  dry  current  of  air  i> 
therefore  the  same  ou  both  sides  of  the  mountain,  that  of  the  moist  car- 
rent,  however,  210.2  C,  that  ia  to  say,  by  more  than  10°  0.  higher  on 
the  leeside.  Since  the  air  is  only  saturated  with  moisture  at  — 1°.8  C-, 
it  must  possess  a  great  relative  dryness.  Thos,  as  is  well  known,  is 
explained  the  warmth  and  dryness  of  tbe  FSbn. 

We  will  now  append  some  general  conclusions  to  the  derivation  of 
tbe  law  according  to  which  a  mass  of  air  changes  its  temperature  when 
tbe  pressure  acting  upon  it,  and  therefore  its  volume  experience  a  change. 

For  a  moment  imagine  the  attraction  of  tbe  earth  upon  its  atmos- 
phere to  cease,  and  the  latter  to  be  a  uniformly  dense  gaseons  envelope, 
baring  a  constant  temperature  at  all  distances  from  the  earth's  surface- 
This  gaseous  envelope  coutaius  do  aqueous  vapor,  and  tbe  influence  of 
every  cosmic  or  telluric  source  of  beat  is  excluded ;  then  let  the  force  of 
gravity  come  into  existence:  the  lower  strata  of  air  are,  by  the  weigbtot' 
the  upper,  compressed  together,  and  the  density  of  tbe  strata  diminishes 
with  tbe  altitude,  and,  according  to  Mariotte's  law,  in  a  geometrical  pro- 
gression. The  temperature  also  can  now  no  more  remain  the  same  at  all 
distances  from  the  earth's  snrface,  bnt  must  be  highest  in  the  lowest 
strata,  which  are  strongest  compressed,  and  must  diminish  upward.  Tbe 
law  of  this  upward  diminution  of  temperature  is  expressed  by  the 
eqoation  of  Poisson,  above  given,  which  presents  the  relation  between 
tbe  temperature  and  tbe  pressare  of  tbe  gas  to  which  no  heat  is  com- 
municated from  the  exterior,  and  from  wbicb  do  beat  ia  abstracted,  anil 
we  have  shown,  page  25,  that  tbe  amoont  of  this  diminution  of  tempera- 
ture is  1°  0.  for  100  meters  difference  of  altitude.  In  the  gaseous  enve- 
lopes of  other  celestial  bodies,  a  diminotion  of  temperature  outward 
must  take  place  in  a  similar  manner,  which,  so  far  as  it  is  s  function  of 
tbe  gravitation  toward  tbe  center  of  the  mass,  can  be  computed  accord- 
ing to  one  of  tbe  formnlte  given  on  pages  23  and  24.    The  amoont  of  tbi» 
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dimioatioD  of  temperatare  dependa  tberefore  od  tbe  epeciflc  beat  of 
tbe  gaseous  eavelope  aod  the  magoitade  of  the  force  of  gravitatioD  on 
the  sarfaoe  of  the  body  id  qnestion.* 

Tbe  equilibriam  of  heat  that  obtains  In  the  atmosphere  under  Bueb 
a  distribation  of  temperature  will  best  be  especially  ODderstood  by  the 
coDseqaent  deduction,  tbat  any  mass  of  air  transferred  from  one  altitnde 
to  another  will,  in  cooseqaentse  of  the  compression  or  the  expaasioD  that 
it  experiences,  there  attain  exactly  the  temperature  of  tbe  sarroandiDg 
legion,  and  will  therefore  have  no  tendency  to  leave  its  new  location. 
This  is  a  state  of  indifferent  eqailibrinm.  If  the  diminntion  of  tempera- 
tar©  were  less  than  1°  C.  per  100  meters  of  ascent,  then  would  tbe  equi- 
libriam be  "  stable";  were  it  greater  than  1'^  per  100  meters,  then  would 
tbe  equilibrium  of  the  superposed  strata  l>e  "  unstable." 

If  now  we  let  the  sun  act  as  the  source  of  heat  for  our  atmosphere, 
and  assume  tbat  the  latter  is  perfectly  diatbermanons,  so  that  it  absorbs 
absolutely  noheat-rays,  and  therefore  receives  the  solar  heat  only  through 
the  medium  of  the  heated  snrface  of  the  earth,  the  stratum  of  air 
directly  resting  upon  the  earth  becomes  heated  by  conduction,  specifi- 
cally lighter,  and  ascends,  a  process  tbat  is  continnally  renewed.  Since 
now,  iu  ascending  masses  of  air,  a  cooling  must  take  place  at  the  rate  of 
1^  C,  per  100  meters,  therefore  tbe  already  existing  law  of  the  diminn- 
tion of  temperature  with  altitude  cannot  be  altered  by  this  method  of 
warming  from  boaeath.  The  assumed  premises  are,  however,  only  in 
part  fulfilled  in  the  actual  atmosphere,  and  its  heating  takes  place  by 
no  means  in  such  a  simple  manner.  First,  the  atmosphere  is  by  no  means 
perfectly  diatbermanons,  but  directly  absorbs  abont  one-fourth  of  the 
aotar  beat-rays,  moreover,  for  the  higher  strata  an  important  source  of 
heat  is  the  aqueous  rapor,  which,  carried  ap  with  the  ascending  air  or 
cooled  from  any  other  causes,  condenses  and  gives  Its  latent  beat  up  to 
the  air,  and  in  this  way  diminishes  its  cooling.  The  table  on  page  29 
shows  to  what  a  great  extent  the  cooling  of  moist  ascending  air  is 
retarded.  A  further  [third]  source  of  heat  is  the  radiation  from  the 
heated  surface  of  the  earth,  a  considerable  portion  of  which  may  be 
absorbed  in  the  loner  strata.  Inversely,  the  surface  of  the  earth  cooled 
by  radiation  of  beat  at  night  and  in  winter  has  a  cooling  influence  on 
tbe  lowest  strata  of  air.  All  these  ciroamstances  bring  it  atwut  that 
observations  give  a  diminution  of  temperature  with  altitude  varying 
according  to  place  and  time,  and  which  cannot  be  expressed  by  any 
law.  Observations  agree  only  in  showing  tbat  on  the  average  in  the 
lowest  strata,  which  alone  are  accessible  to  us,  the  temperature  diminu- 
tion is  considerably  slower  than  1°0.  per  100  meters,  and  Ihat  the  annual 
average  in  tbe  tropics,  as  in  Europe,  lies  Iwtween  iP.5  and  0°.G  0.  The 
few  observations  made  by  Olaisher  above  20,000  feet  give  a  still  slower 
temperature  diminntion  at  tbat  altitude. 

A  temperature  diminution  as  rapid  as  ascending  cunents  of  dry  air 
mast  show  has  only  been  found  in  summer  time  during  fine  weather. 
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quite  near  the  earth's  Biuface.  Glaisher's  observatioiis,  daring  nnmer- 
OU8  balloon  voyages,  gave,  for  the  free  atmosphere,  the  foUoving  latioa 
for  the  diminntion  of  temperatare  vith  altitude  (Beport  of  the  British 
AsBodatioD,  1861} : 

DiMinntion  iff  Ttnfttaiurd  per  100  mebr*  {a  CbMm  iegrtet. 
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TLIs  gives  for  the  sammer  season,  ap  to  ao  altitude  of  6,000  Eoglish 
feet  (1,500  meters),  an  average  diminutioD  of  temperatare  of  0°.88C., 
very  nearly  eqnal  to  that  observed  in  tUe  Alps.  The  observations 
therefore  show  the  mean  condition  of  the  atmosphere  to  be  that  of  stable 
eqoilibrium.  The  diminution  of  temperature  with  elevation  is  slower  iu 
wiuter  (ill  Switzerland  it  is  0.45)  for  two  reasons:  First,  because  tben 
the  earth's  snrface  exerts  a  cooling  iudiieuce  on  the  lower  strata,  aui) 
ofteo  BO  intense  that  the  temperatnre  increases  upward;  to  s  lew 
extent  this  is  also  the  case  at  uight.  Secondly,  because  the  oondeDsa- 
tion  of  aqueous  vapor  takes  place  during  this  season  most  frequeDtly 
in  the  lower  strata;  often,  indeed,  at  the  surface  itself  of  the  earth.  Bnt 
of  most  importance  is  the  flrat-named  circumstance,  for  on  clear  days 
and  in  clear  winter  months  the  diminution  of  temperatare  with  the  alti- 
tude is  slower  than  during  cloudy  weather  or  precipitation.  The  diffn- 
euce  of  temperature  (8<^  0.)  between  Geneva  and  St.  Bernard  (diffisieace 
of  altitude  2,070  meters)  is  in  December  less  than  it  would  be  in  a  cw^ 
rent  of  moist  air,  saturated  at  20°  0.,  blowing  from  Geneva  to  St  Ber- 
nard. The  slight  difference  of  temperature  can  therefore  not  be 
explained  by  means  of  the  heat  of  condensntioo ;  it  is  in  by  far  the 
greater  part  to  be  ascribed  to  the  greater  cooling  of  the  lower  strata  bf 
the  earth's  snrface  and  to  the  underflow  of  (be  air  cooled  upoa  the 
mountains. 

In  summer,  the  diminution  of  temperature  is  more  rapid,  becanse 
then  the  heated  surface  of  the  earth  acts  more  powerfnlly  by  condoctios 
and  radiation  upon  the  lowest  strata  of  air.  Since  this  stratum  for  tbe 
same  reason  is  at  this  time  relatively  drier,  wherefore  the  first  condeD- 
satioD  of  vapor  occurs  at  higher  altitudes,  the  ascending  air  can  show  a 
diminution  of  temperatnre  nearly  the  same  as  for  dry  air. 

We  ought,  however,  not  to  represent  to  ourselves  tbe  warming  of  tbe 
atmosphere  from  below  on  calm,  clear  summer  days  as  taking  place  by 
means  of  a  continuous  ascending  current.  Above  limited  localities, 
such  a  process  certainly  occurs,  and  the  cnmnlus  formations  are  a  proof 
thereof.  But,  in  general,  the  warming  proceeds  gradually  from  belo* 
upward,  through  tbe  rising  of  warmer  and  sinking  of  cooler  air  and 
their  intermixture,  and  the  work  of  one  day  is  continued  on  the  next 
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after  tbe  noetaroal  iDtoraptioD.  During  the  ofghttime  even  varmer 
strata  can  float  alwve  tlio  lower  ones,  cooled  at  tlie  surface  of  tbe  earth, 
until  the  insolatioo  is  again  active.  In  this  manner,  dnring  calm,  clear 
summer  weather,  the  entire  lower  portion  of  the  atmospbeie  is  quite 
unifonni;  warmed  and  stirred  up. 

If  the  ascending  masses  of  air  teach  that  altitnde  at  which  their 
temperature  agrees  with  that  of  the  stratum  attained,  then  should  we, 
dnring  beantiful  summer  weather,  observe  a  dimiontion  of  1'^  0.  per  lOO 
meters.  This,  however,  is  not  the  case,  and  tbe  observations  show,  on 
the  contrary,  that,  at  least  in  monotainoas  countries,  the  temperature 
diminishes  with  the  altitude  slower  during  fine  weather  than  daring  bad 
weather.  Tbia  has  already  been  proven  by  Kdmtz  from  tbe  temperu- 
ture  differences  between  Halle  and  the  Biookeo.  In  order  to  attain  a 
better  insight  into  this  relation,  I  have  deduced  tbe  f.>]lowiuK  numbers : 

An  excellent  mooograpb  has  been  published  by  Billwiller  in  ZUricb 
on  the  thunderstorm  of  2f{tb  July,  1S7^,  in  Kortliom  Switzerland 
(Scbweiz.  Meteorolog.  Beobachtungeu,  Jabrg.  1ST2).  It  therefore  seems 
to  me  most  instructive  to  investigate  the  diminution  of  temperature 
with  altitude  for  tbe  period  immediately  preceding  tbis  storm.  Up  to 
tbe  19tb  July,  the  weather  was  cloudy  and  rainy ;  the  last  rain  fell  on  the 
}9th,  and  on  tbe  20tli  there  began  a  period  of  beautiful  hot  summer 
weather,  which  experienced  its  first  interruption  on  the  28th  by  heavy 
thunder-storms  in  tbe  afternoon. 

Dailf  Mean  BtmlNNflan  of  SVnperafHre  fii  iegrtei  Celiiiu  per  100  meltn. 
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Duriug  tbe  rainy  period,  therefore,  tbe  upward  diminution  of  temper- 
atnre  was  very  large;  on  tbe  advent  of  dear  hot  summer  weather,  It  be- 
came smaller,  and,  in  fact,  the  diminution  progressed  quite  regularly 
from  the  beginning  of  the  fine  weather  to  the  outbreak  of  tbe  thunder- 
storms, for  instance: 
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Tbe  rapid  rate  of  dimiDDtioD  of  temperature  dorinj(  the  rainy  period, 
ffbicb  was  also  accompaaied  b;  strong  winds,  ia  a  consequence  of  the 
aacent  of  the  air  on  the  flanks  of  tbe  mouDtains.  In  the  free  atmosphere, 
tbe  air  at  the  same  altitodes  is  certainly  somewhat  warmer  and  the  tem- 
peratore  diminution  slower.  I  do  not,  however,  tbiok  that  in  the  sab- 
sequent  slower  rate  of  diminution  the  radiation  of  heat  from  tbe  sorfaue 
of  the  eartb  exerted  any  distorbing  inflnence.  Snch  radiation  acts 
upon  tbe  thermometer  more  at  tbe  lower  tbao  at  the  npper  station,  and 
mnst  therefore  tend  to  increase  the  differences  of  temperatare.  It  can, 
however,  not  t>e  denied  that  tbe  true  temperature  of  the  air  in  the  neigb- 
borhood  of  a  monntain  is  somewhat  higher  than  at  the  same  level  in  t^e 
firee  atmoepbere.  Bntthe  observations  of  Glaisher  ap  to&,600  f^tete' 
ration  have  given  during  fine  weather  an  average  rate  of  dimiDntiOD  of 
only  (F.67  U.  per  100  meters.  Even  daring  the  afternoons,  tbe  diminu- 
tion of  temperature  with  altitude  does  not  reach  the  degree  that  cot- 
responds  to  that  of  an  ascending  current  of  air. 

Bate  of  ZKntinnlioii  (/  Ttnperature  atV'p.m, 
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Thus  it  seems  that  tbe  warming  of  tbe  lower  strata  of  the  atmosphere 
by  tbe  heated  surface  of  tbe  earth  takes  place  mostly  by  tbe  grailDs! 
mixing  of  the  lowest  strata  with  tbe  higher,  whereby  tbe  asceudiog 
columns  of  air  with  a  slower  movement  gradually  equalize  tbeir  temper- 
ature with  that  of  tbe  surroonding  air  withoat  reaching  those  altitudes 
to  which  a  continnally  ascending  current  of  air  of  equal  temperatum 
could  attain;  tbe  beating  of  the  afr  by  tbe  radiation  from  tbe  earth's 
surface  must  also  come  into  consideration.  Thus  there  is  formed  a  sin- 
tnm  pretty  uniformly  heated  up  to  a  certain  altitude  above  the  earth's 
sarface  within  which  tbe  diminution  of  temperature  tabes  place  sloivl;, 
but  above  which  it  probably  takes  place  rapidly.  So  long  as  the  dcf 
winds  which  bring  clear  weather  blow  strongly,  the  npward  diminntion 
of  temperature  is  rapid,  because  tbe  particles  of  air  warmed  below  mast 
attain  their  appropriate  altitude;  but  as  soon  as  the  dry  winds  dimioiah, 
and  calms  finally  ensue,  the  above  deBoribed  overheated  strataui  of  lur 
develops  itself  continnally  more  and  more,  and  with  it  first  an  indif- 
ferent, then,  finally,  perhaps,  an  nustable  equilibrium  between  thi^ 
and  the  higher  strata.  From  tbe  20tb  to  the  28th  of  July,  1872,  the 
warming  from  below  had  gradually  extended  above  tbe  level  of  thu 
highest  station  in  Switzerland,  and,  therefore,  before  tbe  outbreak  of 
tbe  thunderstorm  no  unstable  equilibrium  is  demonstrable.  But  on  tbe 
2Sth,  when  the  stronger  west  wind  first  prevailed  high  above  Switzer- 
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land,  tbe  staguatiog  overheated  stratnm  of  air  coold  no  longer  remain 
in  eqailibriom,  and  a  stormy  mistnre  of  tbe  lower  and  opper  masses  of 
air,  wtiich  of  coarse  was  accompanied  witli  precipitation  and  thunder 
and  lightning,  precipitated  itself  most);  from  the  npper  strata  in  special 
localities  downward  to  tbe  earth's  snrface. 

The  occDrrence  of  unstable  eqoilibriam  in  strata  of  air  lying  vertically 
above  each  other  after  a  period  of  sunny  and  calm  weather  is  facilitated 
by  the  fact  that  tbe  inflow  of  a  strong  wind  almost  always  first  occurs 
in  the  opper  strata,  whose  temperature  thereby  rapidly  sinks,  while  in 
the  lower  strata,  it  perhaps  still  rises.  Since  tbe  flow  of  the  air  near  the 
snrface  of  the  earth  is  much  obstructed  and  deliiyed  by  friction  and  other 
obstacles,  the  cooling  is  completed  more  rapidly  in  tbe  upper  strata  and 
the  inflowing  colder  air  surrounds  from  above  the  warmer  lower  strata, 
which  then  mast  break  through  with  violence.* 

In  a  sinking  and  warming  current  of  air,  no  condensation  of  aqueous 
vapor  can  take  place,  therefore  in  it  the  increase  of  temperature  of  1<^  C. 
per  100  meters,  as  required  by  theory,  must  clearly  stand  forth.  In  facr, 
tbe  F8hn  wind  shows  this  rapid  increase  of  temperature  between  the 
Buminit  and  base  of  the  mountains  over  which  it  descends.  In  geueral, 
descendiug  masses  of  air  can  bare  only  a  warming  effect  upon  the  earth's 
snrface,  since  their  increase  of  temjerature  is  more  rapid  than  the  average 
upward  diminution  of  temperature.  If,  for  instance,  in  summer  tbe 
strata  in  which  float  tbe  ice  crystals  of  tbe  cirrus  clouds  at  altitudes  of 
6,000  to  7,000  meters  had  a  temperature  of  even  —  30°  C,  still  would  they 
by  siDking  to  the  earth's  snrface  have  a  temperature  of  +30°  or  +40°  C. 
Ooly  in  the  case  of  a  diminntiou  of  temperature  of  more  than  1*^  O.  per 
100  meters,  which  can,  however,  only  be  local  and  occur  in  summer,  but 
never  in  winter  can  it  happen  that  masses  of  air  descending  from  tbe 
npper  regions  to  the  earth's  surface  arrive  there  cooler  than  the  air 
that  they  displace.' 

One  of  the  effects  of  descending  currents  of  air  mast  consist  in  clear- 
ing: up  the  sky,  and  dissipating  the  precipitations,  instead  of  caasing 
them.  Now,  however,  we  still  observe  precipitation  on  the  advent  of  an 
upper  current  of  air  that  slowly  descends  to  the  earth's  surface  and  then 
brings  warmth.  When,  after  clear  weather,  the  increasing  cirrns  clouds 
announce  the  st)eedy  advent  of  foul  weather,  one  can  ofti-u  enough  clearly 
observe  how  the  layer  of  cirro-stratus  sinks,  and  is  thereby  thickened, 
and  gradually  mer;;es  into  a  rain  cload.  Often  after  a  hot  sammer  day 
I  have  seen  thunder-storms  form  in  this  manner;  the  formation  of  the 
lower  layer  of  cumalo-stratus  unmistakably  proceeded  from  a  layer  of 
sinking  cirro-stratus.  In  this  case,  however,  the  upper  current  of  ail' 
could  be  relatively  so  cold  that  even  after  sinking  it  conld  cool  tbe  lower 
strata.  In  winter,  such  an  assumption  would  not  be  allowable;  we  mui«t 
assame  that  the  upper  warm  current  increases  in  volume,  continually 
extends  into  deeper  strata  (but  does  not  form  a  descending  air-cnrreut ), 
and  by  mixing  with  the  lower  strata  produces  a  precipitation  continually 
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iocreaBin?  with  the  depth,  bnt  still,  as  la  well  known,  always  of  slight 
iutensity ;  (the  precipitation  on  the  east  side  of  the  wiodrose,  where  the 
polar  carrent  merges  into  the  eqaatorial). 

At  least,  this  tuuch  is  clear,  that  the  view  dow  very  prevalent  that  the 
upper  trade- wiad  or  the  8W.  curreota  of  our  hemisphere  bring  a  large 
part  of  its  aqueous  vapor  from  its  place  of  origin,  the  equatorial  calm 
zone,  is  not  tenable.  At  the  low  temperature  that  it  must  have  in  tbe 
higb  region  above  the  trade-wind,  it  can,  even  if  satarated,  only  contain 
80  little  water,  that,  sinking  dowu  to  the  earth  without  the  addition  itf 
water  from  below,  it  can  only  arrive  with  a  great  relative  dryness. 
Thus,  for  instancy  the  obser%-stions  of  Piazzi  Smyth  on  the  Peak  of 
Teneriffe,  at  tbe  lower  limit  of  tbe  return  trades,  at  an  altitude  of  326+ 
ineters,  gave  the  average  tension  of  vapor  for  Angast  aud  September 
Ht  4  millimeters,  therefore  a  dew-point  of  —2°  0.  This  current  could 
therefore  first  produce  a  precipitation  in  regione  whose  temperature  lay 
below— 2<^0.,  and  therefore  it  is  impossible  that  our  summer  and 
autumn  rains  come  from  thix  source.  Karl  v.  Fritscb  confirms  the  sli^t 
amount  of  moisture  in  the  anti-trades  upon  the  Peak  of  TeneriffA,  and 
says  that  tbe  higher  SW.  wind  has  a  cooling,  not  a  warming,  effect" 
(probably  on  account  of  its  greater  violence).  Muhry  imagioos  the 
water  contained  iu  the  anti-trade  to  be  in  the  solid  torm  of  the  ice 
spicnlte  of  the  cirrus  clonds,  and,  indeed,  the  upper  SW.  onrreot  ooold 
carry  with  it  some  water  iu  solid  form.  But  if  the  material  for  the 
abundant  precipitation  of  our  S  W.  and  W.  winds  comes  in  this  maooer 
from  tbe  zone  of  calms,  or  from  any  part  of  the  tropical  zone,  then  tbe 
upiwr  west  current  above  the  zone  of  trade-wioda  must  cover  the  sk]* 
with  a  thick  dark  cirro-stratus  layer,  while  to  the  contrary  tbe  zones  of 
trade-winds  are  the  clearest  regions  of  the  earth. 

Therefore  the  rains  of  the  anti-trades  and  of  the  west  winds  of  hiichei 
latitudes  do  not  originate  in  the  tropics,  but  the  auti-trade  receives  its 
moisture  anew  first  from  below,  and  can  take  np  much  water  since  it  is 
warmed  by  descending,  and  cau  again  condense  it  so  soon  as  it  is  cooled 
iu  its  horusontal  progress  or  by  ascent  upon  mountains. 

If  no  aqueous  vapor  could  condense  in  ascending  masses  of  air,  then 
must  their  ascensive  power  be  rapidlyparalyzed,  since  the  cooling  of  the 
asceodtug  air  is  much  more  rapid  than  the  usual  upward  dtminntioaof 
temperature.  Therefore  dry  ascending  air-currents  could  only  uoder 
rare,  specially  favorable  circnmstances  attain  to  great  altitudes.  Sosood, 
however,  as  vapor  is  condensed,  tbe  temperature  diminution  of  tbe 
ascendiug  air  is  so  delayed  that  its  ascensive  power  becomes  vwy  po*- 
erful,  and  siuce  thereby  again  the  intensity  of  the  precipitation  increase^ 
the  upward  impulse  remains  in  i>ower  nntil  the  aqueous  vapor  has  nearly 
exhausted  itself.  Since  now  the  diminishing  pressure  of  tbe  air  partly 
compensates  tbe  diminntion  of  the  quantity  of  vapor  (see  table,  page29), 
therefore  tbe  buoyancy  dimioisbes  only  slowly.  The  ascent  of  tbe  damp 
nir  is  finely  disi>Iayed  in  tbe  rapid  growth  of  the  cumulus  clouds,  which 


.Google 


SBOBT  HEHOIBB  ON  METEOBOLOGICAL  SUKTECTS.         413 

ofleD  rise  like  colamns  in  tbe  btae  sky  of  snmmer,  and  plainly  grov  ont- 
irard  from  the  interior.  Tbe  warmer  the  air,  or  the  higher  the  tern- 
perstnre  at  which  it  ie  satarated  with  vapor,  by  ho  much  the  greater  is 
the  npward  impulne  it  ezperieDces  on  the  occDtrence  of  precipitation. 
Therefore  the  precipitations  of  the  ascending  carrenta  in  snmmer,  and 
especially  in  most  tropical  climates,  occur  noder  the  moat  favorable  cir- 
canistancps.  When,  daring  calm,  sonny  weather,  tbe  above-descnbed 
OTerheatiog  of  the  lower  strata  of  air,  which  is  always  accompanied  by  ' 
abundance  of  aqueous  vapor,  has  been  broagbt  abont,  and  there  arises, 
if  only  in  the  highest  strata,  a  disturbance  of  the  eqnilihrinm  already 
stretched  to  its  ntmoaC  limit,  and  thereby  a  small  initial  condensation 
of  tb«  vapor,  tbe  air  immediately  receives  a  strong  npvanl  impulse,  and 
draws  the  lower  strata  rapidly  with  it  In  motion.  Hence  the  oumerous 
thnuder-atorma  in  calm,  hot  snmmer  weather,  and  in  tbe  tropics  ou  the 
eesaation  of  the  regnlar  trade-wind.  These  tbander-storma  do  not  indi- 
cate a  change  in  the  weather:  they  only  restore  the  eqailibriam  of  the 
atmosphere  distnrbed  in  a  vertical  direction.  The  lower  atmospheric 
strata  are  cooled  by  evaporation  and  by  the  cooler  rain- water;  the  upper 
are  vanned,  and  thns  the  equilibrium  becomes  again  stable. 

Tbe  formation  of  bail  is,  as  Beye  has  showti,  most  easily  explained 
by  sach  ascending  moist  currents  of  air.  The  occurrence  of  hail  in  the 
hottest  time  of  the  day  and  the  year  and  the  prevailing  calms  point 
directly  to  the  supertieating  of  the  lower  strata  as  their  immediate 
cause.  Bat  the  chief  difficulty  consists  in  tbe  qnestion,  Whence  comes 
tbe  cold  that  is  necessary  for  freezing  tbe  precipitation,  and  how  can  it 
be  due  to  tbe  high  temperature  of  the  lower  strata  of  airt  Mohr 
asBames  a  descent  of  higher  cold  air.  We  have  previously  shown  how 
seldom  this  process  can  occur,  and  that  it  can  produce  no  considerable 
cooling,  becaase  the  air  is  greatly  warmed  in  its  descent.  Most  natural 
js  it  to  assume  with  Beye,  inversely,  that  the  lower,  moist,  hot  air  is  rap- 
idly carried  npward.  We  have  previously  explained  that  on  the  occa- 
sion of  trrnption  of  cold  winds  the  upper  strata  rash  ahead  of  the  lower, 
BO  that  the  stagnating  lower,  hot,  moist  air  is  eqnatly  surrounded  by  the 
opper  cold  air.  The  former  thereby  acquires  an  especially  strong  up- 
ward impnise,  which  is  increased  by  the  intense  condensation,  so  that 
it  mnst  soon  arrive  at  altitudes  where  tbe  precipitation  freezes.  This 
explains  tbe  fall  of  hail  on  the  advancing  side  of  a  thnnder-storm  or 
torDa<1o;  its  recurrence  in  bands;  its  dependence  upon  local  peculiari- 
ties (broad  river  valleys  are  more  intensely  warmed,  and  have  no  equal- 
izing cnrrents  of  air,  sacb  as  in  narrow  monotnin  valleys;  therefore 
bail  is  more  frequent  in  the  former,  as  has,  for  instance,  been  demon- 
Btrated  for  Oarinthia  by  Prettner);  the  descent,  by  way  of  compensa- 
tion, of  tbe  cooled  air;  finally,  the  maximum  of  bail  in  early  snmmer, 
at  which  time  the  upward  dimiuution  of  temperature  is  most  rapid,  and 
the  greatest  difference  of  temperature  exists  between  tbe  earth's  snr- 
fece,  warmed  by  tbe  high  sun,  and  tbe  upper  strata  of  air,  that  still 
retain  their  winter  cold.  C   OOqIc 
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Since  moist  air,  ao  Booa  as  precipitatioD  occars  tberein,  mast  almoet 
always  experieoM  an  impulse  upward,  because  tbe  upward  dimiDutioD 
of  temperatnre  is  seldom  so  slow  as  to  correspond  to  ttiat  of  an  ascend- 
ing moiat  current  of  air,  therefore  it  seems  to  me  that  In  all  predpiU- 
tious  tbe  ascending  moremeoC  of  tbe  air  plays  an  important  part  and 
increases  its  intensity.  When  a  cooler  air«arrent  begins  to  flow  over 
n-armer  air,  there  first  occurs  at  tbe  surface  of  contact  a  slight  predpi' 
tation,  above  which  then  tbe  air  breaks  with  strong  ascenaive  powei 
upward  into  tbe  upper  cold  air,  in  conseqaeuce  of  tbe  contiunali; 
increasing  difference  of  temperatnre,  and  thereby  loses  almost  tbe 
whole  of  its  aqueous  contents.  On  tbe  other  hand,  if  a  vanner  cDrreat 
flows  above  a  cold  one,  this  process  must  be  feebler ;  and  therefore  Uw 
precipitations  are  less  intense  vheu  warmer  air  approaches. 

Since  the  effect  of  the  precipitations  of  the  rising  moist  air  is  to  ele- 
vate tbe  temperature  of  the  upper  strata,  but  to  lower  that  of  the  lower 
strata,  it  follows  that  a  barometer  at  tbe  earth's  surface  can  remiia 
quite  unaffected  by  this  re-establishment  of  tbe  equilibMom  in  a  vertical 
direction  of  the  temperature;  but  at  a  certain  altitude,  the  barometeT 
most,  before  the  rain,  stand  higher  than  aftervard.  Tbe  diminDtion 
of  pressure  caused  by  the  abstraction  of  the  elastic  force  of  the  aqneona 
vapor  ia  compensated  by  the  inflowing  air  of  the  neighborhood.  In  ex- 
tended rains,  a  relatively  warmer  air  collects  above  the  rain-clouds,  bat 
an  active  ascension  of  this  air  can  only  take  place  at  the  edges,  wbere 
the  difference  of  temperatnre  prodaces  a  strong  upward  impulse,  and 
tbe  cooler  air  of  the  neighborhood  can  rapidly  flow  in  after.  Also,  in 
the  case  of  a  condensation  of  vapor  over  an  extended  area,  tbe  barome- 
ter will  sink  somewhat  only  in  the  central  portions.  We  hare  no  ob- 
servations of  this,  because  any  such  precipitation  mast  immediately 
produce  currents  of  air  from  the  sides  inward ;  bnt  with  the  accessioD 
of  cooler  air,  tbe  warming  of  tbe  higher  strata  is  again  compensated, 
and  the  barometer  will  rather  rise  than  sink.  Tbe  causal  relation 
between  the  precipitations  and  tbe  origin  and  tbe  progress  of  stonos 
can  therefore  only  consist  in  this,  that  the  condensation  of  aqneoas 
vapor  gives  the  air  a  more  or  less  decided  upward  impulse,"  and 
thereby  produces  and  continually  maintains  a  flow  of  air  firom  all  sides 
toward  tbe  ralo-clond.  Bnt  so  long  as  no  whir)  is  produced  thereby, 
this  process  causes  no  notable  change  in  atmospheric  pressure  in  tbe 
horizontal  strata  of  air.  Therefore  the  heaviest  rainfalls  are,  in  U>e 
equatorial  zone,  accompanied  by  no  low  barometer,  nor  in  onr  latitudes 
either,  so  long  as  the  causes  leading  to  tbe  formation  of  a  whirlwind  are 
wanting.  Tlie  pressure  sinks  decidedly  only  when  an  extended  whirl 
has  formed,  in  whose  center  probably  the  air  is  rising  with  increased 
violence.  I  therefore  believe  the  diminution  of  pressure  in  the  center 
of  a  storm-area  to  be  a  mechanical  effect  of  tbe  whirling  movement  of 
tbe  air.  This  whirl,  however,  continually  receives  new  force,  and  is  cos- 
trolled  by  the  process  of  precipitation.    I  therefore  agree  with  Beje 
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when  be  says  tbat  ia  tbe  whirl  wiada  tlie  moTing  force  is  the  lateot  heat 
of  the  condensed  aqneoas  vapor.* 

The  resalts  of  tbe  investigations  of  Ley  aod  Blaoford  into  the  origin 
of  whiriwinds  agree,  as  I  ttelieve,  entirely  with  the  preceding  presenta- 
tion of  the  case,  that  the  barometriciuiDimnmat  the  center  of  a  cyclone 
is  primarily  a  consequence  of  the  whirling  movement  of  tbe  air ;  for  it 
does  not  happen  that  in  consequeoce  of  extended  heavy  precipitations 
a  decided  barometric  depresstoa  farms  over  a  region  about  which  then 
the  air  begins  to  circnlate,  but  it  is  only  after  the  whirl  is  well  devel- 
oped tbat  an  area  of  low  pressure  forms,  which  then  progresses  further. 
From  tbe  weather  prevailing  over  the  Bay  of  Bengal  previous  to  the 
Calcutta  cyclone  of  1867,  Blanford  has  drawn  tbe  conclusion  tbat  the 
cyclones  originate  iu  a  region  of  calms  and  variable  winds  betweeu  the 
northeast  moDsooD  and  the  retreating  southwest  monsoon.  Their  pri- 
mary cause  consists  in  local  accumulations  and  condensations  of  aqueous 
vapor  in  a  calm  region  above  the  ocean.  Many  days  elapse  before  tbe 
whirlwind  has  developed  itself  (Proceedings  of  the  Royal  Society,  18C9}. 
Similar  are  the  conclusions  of  Ley  as  to  the  origin  of  whirlwinds  in 
England." 

There  still  remains  unexplained,  so  far  as  I  can  see,  the  cause  which 
determines  tbe  different  intensities  of  tbe  barometric  minima  in  tbe 
centers  of  storms  in  the  tropics  and  in  onr  latitades  in  the  snmmer  aod 
winter.  If  the  intensity  of  tbe  precipitation  determined  this,  then  would 
the  barometric  minima  of  the  summer  exceed  those  of  the  winter,'^  but  it 
seems  more  promising  to  seek  for  the  cause  of  the  greater  intensity  of  the 
barometric  depressions  in  winter  in  the  greater  differences  of  temperatnre. 
The  air  over  the  warm  Atlantic  Ocean,  strongly  warmed  by  frequent 
precipitations,  is  then  bounded  on  both  sides  by  verycold  dry  air.  This 
mast  give  rise  to  decided  disturbances  of  equilibrium  and  to  storms; 
bat,  on  the  other  hand,  in  the  tropical  cyclones  the  temperatnre  differ- 
eDces  can  have  no  relation  to  the  intensity  of  the  storm. 

That  in  tbe  condensation  of  aqueous  vapor  in  winter  the  latent 
heat  of  fluidity  is,  in  the  case  of  the  freezing  of  water,  to  be  added  to  tbe 
latent  heat  of  vaporization,  can  only  make  a  slight  difference,  because 
tbe  former  amonnts  to  only  a  little  over  one-eighth  of  the  latter  (see 
page  29).  The  ratio  of  tbe  liberated  beat  at  160  g.  to  tbat  nt  —5° 
O.  is  as  596  to  690  or  as  1  is  to  1.16.  Herein,  therefore,  the  expla- 
nation cannot  lie,  as  I^spy,  and  in  part  also  Beye,  assumes.  Bather 
coDld  we  tbink  that  tbe  circnmstance  tbat  in  winter  tbe  condensation 
takes  place  in  lower,  denser  strata  of  air,  and  at  lower  temperatures, 
sbonld  increase  tbe  upward  tendency.  In  fact,  this  must  be  the  case, 
but,  as  a  simple  computation  shows,  the  buoyancy  of  a  mass  of  air  is, 
for  the  same  temperature  differences,  only  about  one-fifth  smaller  when 
tbe  pressare  is  COO  millimeters  instead  of  760  millimeters,  and  only 
[*  Note  sy  the  Transistor. — Tbis  tbeorem  will  also  be  found  accepted  bj  Ferrol : 
Matkenialieal  Montl.lg,  ii,  1(558.] 
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abont  ooe-tontb  smaller  when  saoh  temperatare  differences  occur  at 
15°C,  instead  of  OOQ.  Even  if  we  consider  also  the  greater  lateotbeat, 
.  this  still  does  not  compensate  for  the  differences  in  the  intensities  of 
precipitation,  and  snfBces  not  for  an  explanation  of  the  whole  of  the  dif- 
ference of  the  barometric  depressions  of  the  summer  and  winter,  so  Iod; 
as  we  consider  the  intensities  of  the  whirlwinds  proportional  to  the 
intensities  of  the  precipitations. 


NOTES. 

No.  1,  p.  03.   See  Zeit.  Oest.  0«8ell.,vo1.  i,  p.  573.    TheSiTooooflof  tbeSoatheni  Al)"- 

No.  2,  p.  23.  For  tbose  of  oor  readers  to  wbomlhia  important  equation  seeniaBtriDgei 
and  wbo  bare  neitbeT  time  nor  ioclitiatioD  to  look  vp  its  demonstration  aa  derirrd 
from  tbe  fnodaoiental  prinolplea  of  tbe  mecbaoicat  tbeor^  of  beat  in  tbe  trratiHS  oF 
Claiuliis  01  tbe  text-boofc  of  Zeiuier,  vawill  endeaTOr  to  give  in  the  following  mmk- 
ple  demoDstratioD  aa  pcwalble. 

A  inoSB  of  air,  aa  is  welt  koowo,  Deeds  a  amaller  qaantity  of  beat  to  raise  its  tno- 
peratnra  by  1^  wbon  we  prevent  itoexpaosioDtfaaDnbeD  ilisallowed  toeipui].  We 
will  denote  by  o,  the  qnantit;  of  beat  nbicb  a  kilogram  of  air  reqaires  in  tbe  Aral 
case,  that  Is,  when  the  volome  e  is  coDStant;  and  by  f^  tbe  quantity  required  Id  tie 
seoond  case,  when  tbe  preaanre  j?  remaina  oonatant,  and  equal  to  that  of  the  eitotlai. 

Tbe  diSemnoe  between  e,  and  (y  tbe  latMr  beioK  tbe  greater,  arisee  from  tbe  tut 
that  in  thecaseof  eipanaiou  by  beat  there  iaalaoexterior  work  performed,  which  con- 
eists  in  the  puabing  baoic  of  tbe  exterior  pressure  ji  tbrongh  the  email  space  dc,  whlrb 
is  tbe  extent  of  tbe  expanalon. 

Tbe  amount  of  tbia  work  Is  pifr,  and  the  quantity  of  beat  which  U  thereh;  con- 
sumed Ib  Lj>dt',  where^^2^  is  tbeeqnivalent  of  beat  for  the  unit  of  work.  Con- 
seqnentl;  the  qnantity  of  heat  iQ  which  is  communicated  to  tbe  toam  of  air  It 
divided  Into  two  parte;  the  one  Is  the  eqniTatent  of  the  inoreaaeof  teroperatureoflbi' 
kilogram  of  air,  the  other  ia  tbe  equivalent  of  tbe  work  of  expansion,  aa  ia  ezpceiKd 
in  the  following  eqnation  i 

The  combined  law  of  Mariotte  and  Oay  Lnesao  reads,  as  Is  well  known, 

pv    _    P'"' 

l  +  ol      f+W 

where  a  =  0.003665  =  -I-  la  the  coeGBcient  of  expanalon  of  tbe  air.  If  we  divide  Uk 
denominators  of  both  members  byo;  put  T=2T3  +  t,  and  for  tbe  coaewbenCs'' 
put  JIs  ^^t  we  obtain  the  simplest  form  of  this  law  in  tbe  expresiion  p  ps£r, 
whence  follows 

pdv  +  vdp  =  Kdt, 

pdv=Itdl  —  vip; 


AccordtDf;  to  what  has  been  above  said,  the  difference  (^  —  o,  ia  eqnal  to  the  qiuoKt; 
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I  ir)urtheairforaaelevatiaiiof  PoftempeTfttnTe; 


dQ  =  Cydt—  irdp. 
Sinew,  however, 

~   J*    ' 
and  for  <y  generally  oia  nrittou,  there  results  the  importaot  equation  given  in  the 
text. 

No.  3,  p.  23.  Bo  Sai  aa  the  change  of  the  intensity  of  gravity  witli  oltitnde  can  be 
neglected,  J  ie,  indeed,  an  ahsolute  constant;  bat  the  unit  of  weight,  the  kilogram 
with  which  we  meaanre  J,  needs  a  oorreotion  for  gravity. 

No.  4,  p.  24.    The  weight  P  of  dry  air  in  a  cubic  meter  is 


where  So  is  the  gpecifio  gravity  of  the  air,  b  is  the  barometric  preesDre,  e  is  the  tension 
of  vapor.    The  weight  of  the  aqueous  vapor  ia 


u  of  both  weights  gives  the  weight  of  a  cubic  n)« 

p  ,   „  _  S«      b-  0.ST7  e 


The  Tolame  of  the  onit'e  weight  (kilogram)  of  Ibia 


'r+i- 


in  the  nnit  of  volume  (a  cubic  meter)  there  are  cODtainedj)  kilograms  of  aqueous  vapor, 
therefore  In  the  volnme  occupied  by  a  kilogram  of  moiat  air  there  ie  contained 

f~£ —  =  0.623  J — '  kilograms  of  aqueona  vapor. 

No.  5,  p.  Z).  Zenner,  in  the  second  edition  of  his  "  Orandzlige  der  mechanischen 
Wannetheorie,"  gives  a  table  of  the  valnea  of  ^  .  1  (Table  I  a,  column  5)  for  each  5°, 

and  computed  by  Regnaolt's  formnla.  For  the  temperatarea  that  we  here  have  to  do 
with,  the  formnla  of  Uagnos  agreea  completely  with  that  of  Regnaalt,  but  the  latter 
gives  ft  complicated  and  ioconvenient  expression  for  our  quotient. 

No.  6,  p.  30.  I  have  (pven  a  slightly  different  form  to  this  equation,  and  have 
introduced  the  constants  used  throughout  this  eaaay.  I  consider  it  nnneceeeory  to 
give  the  proceae  of  deduction  of  this  formnla,  since  the  work  of  Reye,  "Ueberdie  Wir- 
belstUrrae,"  is  eaeily  accessible  to  every  reader,  which  ia  not  trno  of  the  treatises  of 
William  Thomson  and  Feslin. 

No.  7,  p.  32.  This  conclusion  is  limited  by  thelimit  of  applicability  of  the  Mariotte 
law  at  high  and  low  pressures.  Since  by  the  recent  investigations  of  Liljestrum  and 
others  it  ia  made  probable  that  the  Mariotte  law  loaea  ita  rigid  esactness  at  low  prees- 
oree,  it  follows  that  we  ought  not  to  apply  to  very  low  pressnres  any  formula  that  la 
foDUded  upon  it.  All  theoretical  concluaions  aa  to  the  height  of  the  atmosphere  and 
27  s  S^^ 
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tbe  temperatore  of  the  upper  strata  nmiit  for  the  present  be  anppreased  antil  the  be- 
havior of  gaaaa  nitder  vbtj  low  preHaoie  faas  been  Bofficiently  stadied. 

Moreover,  in  any  case,  we  mnst  intiodDce  into  tbo  above-meotiooed  fonnola  tbe 
correction  for  variation  ol  gravity,  it  wo  wonld  extend  its  application  to  great  dis- 
tances from  tbe  earth's  snrfaoe.  We  ibas  find  a  rate  of  dimiDation  of  tempentton 
outward  continnally  slower  and  slower,  which,  like  tbe  attraction  of  the  eartb, 
approaches  the  limiting  value  zero. 

No.  8,  p.  3G.  I  have  observed,  in  tbe  case  of  tbe  tbondorstonns  approaching  Etqiub. 
miinster  from  the  west,  that  their  violence  was  almost  always  less ;  indeed,  they  gen- 
erally did  not  come  to  a  discbarge  [of  ligbtoingt]  if  tbe  storm  began  before  tbe  elond 
was  near  tbe  zenith. 

No.  'J,  p.  36.  We  do  not  here  consider  tbe  descendiog  winds  in  valleys  b«tweeD 
monntains,  which,  indeed,  owe  their  origin  to  great  differences  of  temperaiare. 

No.  10,  p.  37.    Petermana'B  Geog.  Mitth.,  18G6,  p.  220. 

No.  11,  p.  39.  To  avoid  the  mistake  that  we  have  previonsly  shown  to  be  very 
widespread,  we  sbonld  not  say  "  tbe  condensation  warms  tbe  air,"  bat  "  it  diminishea 
the  cooling."  Tlie  latent  beat  wilt  not  be  liberated  witboat  a  cooling  takes  place; 
nor  can  it  ever  t>e  snfQcient  to  even  compensate  for  the  cooling  tmnch  leas  to  ovei- 
compensatfl  and  warm  np  the  air]  to  a  sensibly  higher  temperatnre. 

No.  12,  p.  40.  Also  what  Jahncke  says  npon  the  weather  preceding  the  West  India 
hnrricanes  agteee  therewith.    (Quarterly  Journal  of  the  Met.  Soc.,  vol.  ii,  p.  89.) 

No.  13,  p.  40.  Also  the  summer  season  has  extonded  precipitations  of  similar  gieot 
intenuty.  I  recall,  for  instance,  tbe  nnintermptedly  rainy  period  of  Angnst  15  to  19 
of  this  year  (1374},  whose  estont  and  iDtensity  caused  tbe  extraordinary  floods  in  all 
tbe  rivets  of  Central  Europe.  A  barometrio  mlDimum  preceded  this.  Dnring  tbe  tain 
the  pressure  rose. 


THE  LAW  OF  THE  VARIATION  OF   TEMPEEATUEE  IN 
ASCENDING  MOIST  CUERESTS  OF  AIB. 

Leiler  of  Prof.  Dr.  L.  Sohnelx,  of  CarUrake. 
[TransUtea  by  Clerelaad  Abba  Iiaia  tbe  Zeiucbrift  fdr  Mat.,  1871,  i,  pp.  X-ii.] 

By  your  memoir  ou  asceoding  carreots  of  air,  &c.,  pablisbed  in  Qie 
Zeilschrirt  tor  last  October  aod  November,  you  have,  aa  it  seems  to 
me,  rendered  a  great  eervice  to  tbe  friends  of  a  gennioe  scientific 
meteorology.  Sir  Wm.  TIioidsod's  and  Pesliu's  labors  on  this  Bobject 
appear  to  have  been  koowu  to  a  very  limited  extent.  They  were 
QDknown  to  mu,  and  are  not  even  accessible  to  me  here  in  Carlsrabe. 
Especially  important  is  yonr  development  of  Pesliu's  formala  for  tbe 
dimination  of  temperature  in  the  ascent  of  a  saturated  current  of  air, 
for  tbe  table,  page  29,  baa  a  fundamental  importance  in  all  questions 
bearing  on  this  point.  Under  these  circumstances,  it  seems  proper  that 
I  should  call  your  attention  to  a  mistake  vhicb  has  slipped  into  the 
compntation  of  tbe  table,  afTectingthe  last  decimal  of  many  of  tbe  nnm- 

bers  therein.    On  page  2 
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&c.,  although  it  follows  Trom  the  law  of  Mariotte  aud  Gay  Lussac  that 

p  1 

r-  has  the  value  tt-tt  a3  yon  yourself"  have  used  it,  page?3. 

Furthermore,  in  the  dedaction  of  the  formula  of  Fesliii,  the  approxi- 
mate value  of  q,  0.623  - ,  ia  used,  whereas  the  iotrodoctiou  of  its  true 
value  offers  uo  difQcnlty.  CoDsidering  these  two  circumstances,  the 
expression  for  -3- receives  a  somewhat  different  form,  which  I  will  here 

deduce. 
In  the  equation  that  applies  to  achauge  of  condition  of  any  gas, 
,„       ,       ST  dp 

the  left-hand  side  is  0  tf  dry  air  changes  its  condition  without  addition 
or  subtraction  of  beat.  But  if  it  ia  moist  saturated  air  that  ascends 
witbont  receiving  heat  from  tbe  outside,  then  we  can  use  the  preceding 
equation  by  putting  for  dQ,  not  0,  but  that  heat  which  is  liberated  by 
tbe  condensation  of  the  elementary  quantity  dq  of  aqueous  vapor.  Let 
the  specific  heat  of  moist  air  bee';  for  moist  air  the  constant  J£  can  very 
approximately  retain  nucbanged  its  former  value  29,3 ;  the  equation 
then  becomes 

The  left-hand  member  has  the  minus  sign,  because  it  represents  a 
positive  qaantity  of  heat,  and  dq  is  a  negative  quantity,  namely,  the 
dimination  of  tbe  quantity  of  vapor  there  present.  To'tbis  we  add 
the  equation 

(2)  dp  =  p.db, 

which  expresses  the  dimination  of  pressure  with  altitude.  In  case  that 
the  ascent  of  a  moist  current  In  dry  air  is  considered,  then  for />  the 
specific  gravity  of  dry  air  is  to  be  taken,  since  in  a  narrow,  slightly 
rotating  current  the  pressure  can  differ  only  extremely  little  from  tbe 
pressure  at  equal  altitude  outside. 

Since  now 

»_  P 

'  I  btkve,  in  fact,  on  page  '28,  put 

wber«as  it  sbonld  tiave  been 

1 

where  t  is  tbe  temperatare  in  CeUias  degi«ea.  Since,  bowever,  lis  always  Bmall  in 
wmpaiUoa  with  ZT3,  this  assainptioD  of  J«,  instead  of  T,  baa  onl;  a  very  alight  Inflo- 
«nee  npon  the  teault.  Tbe  lotrodnctioD  of  an  approximate  value  for  q  materiallf  sim- 
ylifiea  the  □nmerical  oompntatioDS.— J.  HuiN'. 
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there  follows,  from  eqaatioti  2, 

Fnrtber,  tbe  qunotity  of  vapor  q  present  in  one  kilogram  of  satnrated 


the 

equatiou 

0.023| 

9= ,^ 

1-0.377: 
V 

iL, 

*     dp 
•      P 

-0.3,7l 

1_(U77- 
P 

By  ineaoB  of  equations  (3)  and  (4),  equation  (1)  now  becomes 
/I     (Je, 


-rq      /I    tJe,,,    ah  \ 


This  formula  differs  from  .vours  iu  the  introduction  of  -n-m  iuBtead 

of  -  and  also  by  the  occurrence  of  the  factorf  1  —  0.377  -  )  in  both  the 

namrrator  aud  denominator.    If,  according  to  this  formula,  we  eom- 

puteTE  for  the  case  f^~-gQa,o;\  we  find   tt  =   —  0.00534,   whereas 

your  table  gives  —  0.0054. 

Id  case  the  problem  conceros  the  ascent,  not  of  a  nftrrow  carreut,  hot 
of  a  great  mass  of  air,  it  is  questionable  whether  ir.  fa  nnt  more  correct 
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to  BobsUtDte  for  tbe  density  p  iu  equation  (2),  which  deteimines  the 
dimination  of  pressure  witb  altitude,  tbe  specific  gravity  of  moiat  air,  or 


/  =  3lj.(l-0,377^), 


vherep  is  expressed  in  kilograms  per  square  meter.  By  this  step,  the 
only  cfaauge  in  the  preceding  equation  is  that  dA  everywhere  receives 
tbe  additional  factor  (  I —  0.377- V  Therefore  in  this  case  the  dimi- 
nution of  temperature  is  (hat  given  by  equation  ([)  multiplied  by  the 
same  factor,  or, 


(S=SO-»-"|)- 


The  introduction  of  the  8[>ecific  gravity  p'  of  moist  air  instead  of  dry 
in  this  case  is  analogous  witb  tbe  consideration  of  the  moisture  of  the 
air  in  barometric  hypsometry,  and  meaus  the  ascent  of  moist  air  in  the 
midst  of  air  equally  moiat,  providing  that  ouder  these  circnmstances  an 
ascent  on  a  large  scale  actually  occurs. 

In  tbe  preceding  example  (    ^-R^mm)\  we  find  by  formula  (II) 
(*)= -0.00532, 
or  scarcely  an  appreciably  different  result. 


RAINFALL  ASD  BAROMETRIC  MINIMA. 
Br  Prof.  Dr.  Theo.  Hbvk. 

(TniulM«d  by  Clereland  Abb*  fton  tlie  ZetUobrift  d.  Out.  Gewll.  HelKookigle,  1873,  r,  p.  U-IO.) 

From  one  of  the  recent  memoirs  of  Dr.  Ilauu  I  perceive,  to  my  delight, 
that  in  tbe  most  important  points  our  views  as  to  the  cause  of  whirlwinds 
already  agree.  [Hann's  memoir  was  written  in  December,  1874,  before 
the  publication  of  bis  review  of  Ferret's  tbeories.]  We  both  recognize 
the  latent  heat  of  the  condensed  vapor  as  tbe  moving  force  in  whirl- 
winds; thia  gives  to  tbe  air  a  stronger  or  weaker  ascensive  force,  and 
thereby  causes  a  continuous  inflow  of  air  toward  tbe  rain-cloud.  In 
general,  I  agree  with  what  Hann  says:  "Tbe  atmospheric  pressure  sinks 
first  when  an  extended  whirl  has  formed  in  whose  center  the  air  proba- 
bly is  rising  with  increased  vehemence."     For  I  also  am  persuaded' 

[Note  by  thk  Tbak8L4T0H.— As  there  is  frequently  mncb  confusion  of  ideas  u  to 
tbe  part  ptayed  !>;  aqneous  vapor  in  BtomtB,  tbe  traoBlatot  faopee  to  coDlribote  Bome- 
vbat  toward  clearer  views  liy  adding  to  tbe  prcBeDtcolleclion  this  paper  of  Re;e*s  with 
Bann's  foot-notes.] 

'  See  my  "  WirbelBtUrme,"  page  133. 

DigizedtyGOOgle 


422  8H0BT  UEMOIBS  ON  METEOROLOGICAL  SUBJECTS. 

tbat  the  rotatory  molioD  cootribntes  cousiderabi;  to  tbe  increase  of  tUe 
ceDtral  depreBsiou,  aod  that  only  through  it  does  the  daration  of  the 
barometric  minima,  often  for  weeks,  become  possible ;  and  in  my  opinion 
tbe  fact  tbat  no  cyclone  has  ever  yet  been  obBerved  in  the  neighbor- 
bood  of  tbe  equator  finds  an  eqnally  simple  and  sufficient  explanatjon 
in  tbe  absence  of  any  motive  toward  a  rotatory  movement. 

Only  in  one  not  animportant  point  do  our  views  still  differ.  I  think:* 
"  The  ascending  current  of  air  can  only  continue  so  long  aa  its  tempera- 
ture, in  conseqaence  of  the  liberated  latent  heat  of  the  vapor,  exceeds 
on  tbe  average  that  of  the  neighboring  air-strata.  But,  on  account  of 
this  higher  temperature,  the  pressure  under  tbe  ascending  current  must 
be  less  tban  tbat  on  the  borders  of  the  cyclone."  On  tbe  other  hand, 
Hann  says:  "The  condensation  of  the  atmospheric  aqueous  vapor  bas 
no  sensible  inSuence  on  the  change  of  atmospberio  pressnre;  the  low 
barometer  in  tbe  storm-center  can,  therefore,  not  be  explained  by  pre- 
cipitation." Mobn's  theory  of  tbe  advance  of  cyclones  toward  their 
rainiest  side  is  therefore  reliable  or  not,  according  as  mine  or  Hann's 
view  is  correct' 

Hann  establishes  his  principle  chiefly  upon  bis  reduction  of  140  heavy 
rainfalls  in  Batavia,  tbat  are  recorded  in  the  tbree-years'  hourly  obser- 
vations of  Dr.  Bergsma.  The  barometer  rose  at  the  commencement, 
and  during  the  first  two  hours  of  the  rainfall,  on  an  average  about  0.35 
millimeter,  but  fell  again  about  0.1  millimeter  within  the  two  bonrs 
following  the  rain,  and  therefore,  after  tbe  ratn,  stood  always  0J!5  milli- 
meter higher  than  before  it.  "This  slight  increase  of  pressure,"  HaoD 
very  correctly  thinks,  "is  a  secondary  eftect  of  the  condensation  of  tbe 
vapor;  that  is  to  say,  it  is  produced  by  the  cooling  of  tbe  lower  ait- 
strata  by  the  raindrops  tbat  fall  down  from  higher,  colder  strata,  and 
by  the  cooling  due  to  evaporation.  Perhaps,  also,  the  concussion  of  the 
falling  water  and  of  the  air  dragged  along  with  it  cootribotea  somewhat 
to  the  initial  rapid  rise  of  tbe  pressure." 

To  these  purely  local  observations  at  Batavia  we  can  now  oppose  a 
longer  series  of  observations,  that  embrace  an  extended  country,  and  lead 
to  opposite  conclusions,  namely,  the  daily  observations  tbat  were  made 
abont  1850  in  the  United  States  by  numerous  naval  and  Army  officers, 
and  by  103  private  individuals.  James  Espy  for  years  entered  these 
upon  synoptic  charts.  From  more  than  1,800  such  charts  be  draws,  prin- 
cipally for  the  winter  months,  the  definite  conclusion :  *  "In  all  great  and 
sodden  depressions  of  tbe  barometer  there  is  much  rain  and  snow,  and 
in  all  sudden  great  rains  or  snows  there  is  a  great  depression  of  tbe 
barometer  near  tbe  center  of  tbe  storm  and  rise  beyond  its  borders." 

Loomis,  whom  we  also  thank  for  other  very  important  works  on  tor- 
nadoes and  storms,  has  lately  disonssed  the  weather-maps  of  the  TJnited 

=  S«e  tbis  Joaraal,  viji,  p.  177 ;  compare,  also,  m;  "  WirbeUtilrme,"  p.  132. 

3  See,  oD  the  other  haod,  ix,  pp.  344, 345,  and  x,  p.  69. 

•Eapy,  Fourth  Mtttorologiral  Report.     Washington,  1KI7,     p.  10,Qetieniliuition  No. 9. 
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States  for  1872  and  1873  with  special  refereoce  to  storms.  The  paths 
of  the  storms  during  314  days  were  examined ;  the  mean  direction  of 
their  progress  was  very  nearly  from  west  to  east.'  "One  circamatance 
seems  to  bare  a  decided  inflaence  apon  the  modiflcations  of  the  storm- 
paths — this  is  the  rainfall.  Every  considerable  barometric  depression 
is  accompanied  by  rainfall,  and  the  area  over  which  the  rain  occors 
generally  extends  much  forther  on  the  eaat«m  or  forward  side  of  the 
central  depression  than  on  the  western."  And  the  farther  the  rain-area 
stretches  on  the  east  side  of  the  storm,  so  much  the  more  rapidly  does 
the  storm  advance  in  this  direction.  By  separating  the  cases  in  which 
the  storm-track  bad  a  direotiou  more  to  the  north  or  south,  Loomis 
fnrtber  foand  that  the  direction  of  the  storm-patb  in  24  honrs  very 
nearly  agreed  with  that  toward  which,  in  the  preceding  eight  hours,  the 
rain-area  bad  extended  the  farthest.  If  the  greater  axis  of  the  region 
of  rain  was  directed  toward  N.  53°  E.  or  N.  118°  E.,  then  the  mean 
direction  of  the  corresponding  storm-tracks  was  N.  40©  E.  or  N.  1X6°  E. 
*'  The  agreement  would  certainly  have  been  still  greater  if  we  could  have 
made  the  comparison  with  the  direction  of  the  storm-tracks  in  the  next 
8  boars  instead  of  24.'* 

Since  the  beginning  of  1867,  in  the  Norwegian  lUeteorological  Insti- 
tute, the  most  important  meteorological  observations  at  210  European 
stations  have  been,  day  by  day,  graphically  presented  upon  a  chart.  By 
these  charts,  Hoba  establishes  the  fact  that  on  the  front  or  east  side  of 
the  storms  the  tension  of  the  vapor  and  the  qaautity  of  cloadiness  in- 
creases, and  that  there  heavier  and  longer  continued  rain  or  snow  pre- 
vails} on  the  binder  or  western  half,  however,  the  vapor-tension  falls, 
the  ctoudioess  diminishes,  and  the  rain  is  light. 

The  barometric  minima  of  the  Torrid  Zone  are  regularly  accompanied 
by  the  heaviest  rains,  and,  according  to  Thorn,*  the  condensation  of  vapor 
stretches  much  farther  on  the  front  than  on  the  binder  side  of  the  cyclone. 
The  island  of  Manritins,  to  which  numerous  vessels  repair  after  every 
great  storm,  afforded  for  many  years  a  very  favorable  position  for  the 
study  of  tropical  whirlwinds  to  Thorn  and  to  its  meteorological  society, 
still  SourishingnnderMeldrnm's  gnidance.  Tbom  explicitly  says  that  no 
phuiomeuoD  accompanies  these  storms  so  regnlarly  and  is  eo  astonish- 
ing as  the  enonnooB  mass  of  water  falling  from  the  moving  masses  of 
air.  "  Hnndreds  of  miles  distant,  on  all  sides  of  the  whirlwind,  extends 
a  thick  stratum  of  clouds  that  pours  out  rain  in  torrents  and  unceas- 
ingly. This  process  continues  week  after  week,  and  is  apparently  char- 
acteristic of  a  hurricane  in  all  its  stages.  The  approach  of  such  ,a  storm 
can  almost  be  predicted  from  the  nubroken  layer  of  clouds  that  slowly 
covers  over  the  heavens,  at  first  at  a  great  altitude,  gradually,  however, 
descending  to  the  lower  strata  and  accompanied  by  increasing  darkness, 

'LoomiB.    See  ZeitBcbtift,  BO.  i,  pp.  24ii-25I,  andAmerican  JoaroBlof  Science,  1874. 
"Thoni,  Ad  Ini[uirjiDM  the  Nature  itnd  Course  of  Storma  id  thelodiaiiOeeMi,  Sooth 
of  the  Eqnator.     LodJod.  ie4.'>.    pp.  202, 206. 
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uutil  at  last  it  rests  npoD  tlie  earth  and  begins  to  raiD.  These  signs  are 
recognizable  at  a  distance  of  200  or  300  oaatical  miles  from  the  barri- 
cane." 

Tbcse  accordant  resuUa  of  extended  systema  of  meteorological  obser- 
vations in  America,  Europe,  and  tbe  Soutb  ludian  Ocean,  especially  the 
important  fact  that  the  barometric  minimum  advaitces  toward  the  side  of  the 
Jiearler  precipitation,  plainly  show  tbe  appreciable  influence  of  the  con- 
densatiou  of  the  atmospheric  aqaeoas  vapor  upon  the  change  of  atmos- 
pheric pressure.  Furthermore,  the  known  laws  connecting  the  tension 
and  temperature  of  aqueous  vapor  and  of  the  atmosphere  force  us  to 
assume  some  sucb  direct  influence.  Local  observations  like  those  at 
Batavia  can,  in  my  opinion,  not  prove  the  contrary,  since  they  leave  as 
entirely  in  ignorance  as  to  tbe  extension  of  the  rainfall  and  as  to  the 
Eimultaneous  meteorological  pbeuomena  of  tbe  surrounding  portion  of 
tbe  globe.  The  enormous  rainfall  of  2d  and  3d  December,  1872,  which 
overflowed  tbe  whole  of  Garinthia,Carnatia,Gorz,  Kortheru  Veaetia,  and 
Southern  Tyrol,  has  shown  in  what  distant  regions  many  times  we  must 
seek  tbe  prime  cause  of  very  heavy  and  extended  rains.  ^  Certainly  at 
that  time  no  one  on  the  south  flauk  of  tbe  Alps  suspected  that  this  rain 
was  caused  by  a  barometric  minimum  on  the  coast  of  Francej  and  even 
to-day  it  would  be  inexplicable  to  us  why  that  enormous  precipitation 
did  not  at  least  cause  a  secondary  minimum,'  unless  we  had  an  accurate 
knowledge  of  the  conSguratioo  and  the  atmospheric  conditions  of  half 
of  Europe. 

So  far  as  concerns  tbe  146  heavy  rainfalls  at  Batavia,  these  appear, 
so  far  as  concerns  their  duration  and  geographical  extension,  to  have 
had  tbe  characters  of  local  thunder-storms ;  for  among  tbem  those  of 
more  than  three  hours'  duration  were  so  infrequent  that  Hano  could  not 
give  any  average  for  tbe  fourth  hour  of  rain.  Now,  in  the  case  of  local 
storms,  even  wbea  they  are  accompanied  by  heavy  precipitation,  tbe 
accompanying  rarefaction  can  very  rapidly  be  restored,  because  the 
region  of  condensation  occupies  a  relatively  very  small  apace  id  an  im- 
mense atmosphere.  Moreover,  the  process  of  condensation,  i.  e.,  tbe 
formation  of  tbe  storm-clouds,  begins  at  least  in  our  latitudes,  generally 
a  considerable  time  before  the  outbreak  of  the  storm ;  and  if  during  tbe 
subsequent  raiu  the  pressure  rises  a  little  by  reason  of  the  cooling  o( 
the  lowest  stratum  of  air,  1  therein  find  nothing  contradictory  to  the 
theory, * 

'Compare  this,  Zeitschrift,  vol,  riii,  pp.  103, 179. 

•  It  a  sensible  barometrio  depressiou  coald  bo  caused  by  raiti,  tlien  oertainlr  here 
at  leaat  a  secondary  niiDimnm  must  have  beeo  formed  ! — J.  HjInm. 

*To  this  I  remark  in  brief  only  aa  followa,  but  in  general  refer  to  pages  11  and  13  of 
thia  present  t-olume  x  [see  tbe  preceding  tranalalion  (C)  of  Uann's  reply  to  Hofl- 
meyer'a  remarks].— J.  Hann. 

In  reference  to  tbe  raina  at  Batavia,  I  have  submitted  tho  lieavibr  short  rains  to  oom- 
putatiOD,  becaase  tbeae  most  best  repreaeiit  tbe  effect  of  an  ascending  cDirenl  of  air, 
and  becaase  an  examination  of  tbe  wbole  serica  of  obaervnlions  shoired  me  at  once 
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My  ova  and  Hann's  viewa  m  to  the  part  played  by  aqueous  vapor 
in  meteorological  processes  dififer  from  each  other,  as  I  believe,  much 
less  than  they  appear  to  do.  I  also,  for  partly  well  recognized  reasons, 
attribnte  do  special  importance  to  precisely  the  same  results  of  my  com- 
putation that  Hann  opposes.  Ou  this  point  allow  me  to  make  the  fol- 
lowiDg  remarks :  M;  computations  "On  the  Expansion  of  the  Air  of  the 
Atmosphere  in  Che  Formation  of  Clouds,"  as  I  first  published  them  eleven 
years  ago  ["On  Vertical  Correute  of  Air  in  the  Atmosphere,"  Schlomilcb, 
Zeitsclirift  fiir  Mathematik  uud  Physik,  1864,  Bd.  0,  pp.  250-276;  also, 
B«ye,  "  Wirbelstiirme,"  Hannover,  1872],  had  for  their  immediate  object 
the  overthrow  of  Mohr's  theory  of  the  formation  of  hai).  Mohr  main- 
tained that  because  saturated  steam  has  a  mnch  greater  volume  than 
the  water  from  which  it  is  formed,  therefore  by  the  condensation  of  the 
vapor  at  any  point  in  the  atmosphere  there  mnst  be  formed  an  "  immense" 
diminatiOD  of  volnme ;  this  "  formation  of  a  vacunm  "  is,  however,  fol- 
lowed by  a  strong  indraft,  an  ininsh  of  air,  especially  from  the  npper 
strata,  which  then,  by  reason  of  their  own  cold,  caase  a  new  condensa- 
tion, etc  In  opposing  this  theory,  it  was  sufficient  for  me  to  assume 
that  the  air  in  which  this  condensation  occurs  loses  do  beat  during  the 
process." 

With  the  same  assumption,  at  the  end  of  the  chapter,  I  compate,  inci< 
dentally,  the  qaautity  of  air  that  will  be  pushed  oat  of  a  vertical  colamn 

thftt  in  DO  ioetance,  not  even  those  of  loDger  dnratioQ  (and  there  occar  naoy  of  twelve 
boon  and  ovet),  did  a  aenaible  influence  of  the  rain  make  itself  apparent.  The  pbe- 
nomeoa  are  here  precisely  the  same  as  8f  kes  |;ivB8  for  the  Dekkhan  (see  Zeitscbrift,  x, 
■  p.  12).  Then  are,  indeed,  no  data  at  hand  relative  to  t,he  extent  of  these  raios,  bnt  we 
know  that  at  the  rainy  season,  for  instance  in  January,  there  are  on  the  average  of 
aevea  stations  in  the  Sunda  Islands  31.3  days,  and  tbera  mnst  be  a  traly  wondeifnl 
•rraogenient  if  itdoesnotoccasioaally  rain  simnltaneonaly  over  nearly  the  whole  Archi- 
pelago, the  more  so  since  tbe  rains  occur  very  neaily  at  the  same  time  of  day.  And 
yet  there  ia  no  diatarbauce  of  the  diarnal  period  of  the  barometerl  And  wbat  rains 
were  those  compared  with  oors  t  On  the  lOtb  Jannary,  1S(>7,  there  fell  in  one  boor  at 
BatAvia  97  millimeters,  that  la  to  say,  only  3  millimeters  lese  tban  falls  with  as  in  three 
month*,  from  December  to  Febrnary,  when  we  have  the  lowest  barometrio  prMante. 
In  this  case,  nominimam  oocorred,  even  at  a  great  distance,  that  ooeconldqaoteaaau 
excDfle  for  any  decided  diminatlon  of  pressure. 

The  facta  quoted  by  EUpy,  Thorn,  and  Loom  ia  prove  nothing  against  my  asaiimption, 
because  tbe  inflaenoe  of  tbe  rain  can  only  become  prominent  in  tbe  case  of  rainfalls 
without  an  accompanying  rotatory  motion  of  tbe  air,  but  where  there  is  no  whirl 
Ifacie  is  also  no  notable  barometrio  minimnm.  On  this  is  founded  the  indnctive  por- 
tion of  my  reasoning.  On  tbe  other  hand,  I  will  readily  allow  that  small  differences  of 
presBnra  (I  have  expressly  said  "no  notable  inflnence")  can,  perhaps,  be  brought  in 
agreemeat  with  tbe  results  of  the  observations  in  Bat  avia ;  the  land  and  sea  breezes  of 
the  tropica  show  that  quite  nnnotioed  barometrio  differences  can  bring  abont  very 
active  carrents  of  air.  Such  alight  differences  of  pressare  aa  tbese  are  qaite  sufficient 
to  canse  the  continued  flow  of  air  toward  that  place  in  tbe  whirl  where  condensation 
takes  place,  and  to  explain  its  continuance  jnd  the  direction  of  its  progressive  move- 
ment, as  I  have  already  Indicated  on  pages  292  and  344,  vol.  ix  [see  page  13,  i  B,  and 
page  39,  i  U,  of  the  preceding  tranblations  of  Hann's  articles]. — J.  ijms. 

10  Then,  however,  no  condensation  conld  occar ;  therefore,  also,  no  evolution  of  heat 
and  no  expansion  ;  and  all  farther  consequences  likewise  fall  to  the  gronnd, — J.  Hum. 
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of  atmosphere  bj  ttie  condeusatioa  of  one  millimeter  of  raia;  aDil,aDdeT 
the  farther  assumptioa  that  this  excess  of  air  can  be  immediately 
removed,  and  is  not  repliic«d  at  the  earth's  surface  by  cooler  air  flowing 
iu  from  the  side,  I  arrire  at  the  theoretically  not  uninteresting  result, 
that  a  barometer  under  sach  a  column  of  air  must  fall  to  the  extent  of 
three-fifths  of  the  depth  of  rain  fall.  In  all  this,  however,  I  was  per- 
fectly aware,  and  have  even  so  stated,  that  the  assumed  conditions  do 
not  occur  in  nature.  Therefore  have  I,  also,  at  no  time,  neither  ia  tbe 
lest  of  my  book  ou  "  Wirbelstiirme"  nor  elsewhere,  referred  to  this 
result  of  computation,  and  readily  acknowledge  with  Haun,  who  asswls 
it,  that  it  has  no  practical  importance.  Still  I  believe  as  before,  "Dot- 
withstanding  perhaps  this  computation  throws  some  light  upon  the  low 
barometer  that  is  so  often  observed  iu  connection  with  tbe  revolviDf 
istorms  that  are  accompanied  by  heavy  rain." 

In  fact,  the  as»nmptious  in  question  are  approsimately  fulfilled  in  the 
case  of  the  precipitations  accouipauyiiig  revolving  storms;  at  least, £u 
more  nearly  than  in  local  tbuuder-storma,  or  in  quiet,  uniform,  general 
rains.  Since  the  air  rises  very  rapidly  in  the  interior  of  a  whirlwind, 
therefore  it  and  the  aqueous  vapors  or  cloud-fog  that  are  carried  np  with 
it  cannot  lose  mnch  beat,  either  by  condaction  or  by  radiation ;  at  tbe 
same  time,  however,  the  inflow  of  the  lower  mass  of  air  from  either  side 
is  hindered  by  the  centrifugal  force  and  the  outflow  of  the  upper  layer 
is  facilitated.  But  this  theoretical  result  is  not  applicable  witbaat 
farther  considerations,  even  to  the  revolving  storms ;  lor,  even  if  in  thrae 
we  have  accoauted  for  the  heat  which  Is  consumed  in  tbe  expaoaioo 
corresponding  to  the  latent  heat  liberated  by  the  vapor,  still  there 
remains  unnoticed  that  quantity  of  beat  which  is  equivalent  to  the 
living  force  of  the  whirling  mass  of  air  and  to  the  work  of  expansioa 
performed  in  consequence  of  tbe  ascension.  For  this  reaaou,  in  aj 
theory  of  whirlwinds,  besides  the  very  complete  collection  of  obsem- 
tioQS,  I  refer  only  to  the  law  of  tension  of  saturated  air  and  to  the  com- 
patationB  in  reCerenoe  to  the  austable  equilibrium  in  the  atmosphere. 


OB  THE  RELATION  BETWEEN  TBE  DIFFERENCE  OP  PRESS- 
URE AND  THE  VELOCITY  OP  THE  WIND  ACCORDING  TO 
THE  THEORIES  OF  FERREL  AND  COLDING. 

Bv  Dr.  Jcui's  Hank. 


The  historical  developments  of  scientific  theories,  like  those  of  politial 
qaeatious,  have  their  reactionary  periods,  which,  iu  both  c^sea,  are  geo- 
etolly  called  forth  by  an  excessive  r        * '    '  <)arsuit  of  some  principle 
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ivbicb  iu  itself  may  be  correct.  One  of  the  best  examples  of  ibis  is 
foood  ID  tbe  history  of  tbe  geological  views  cnrrent  io  Germany  in  the 
coarse  of  the  Dineteeuth  century ;  bat  I  believe  that  also  the  develop- 
ment of  tbe  theory  of  storms  can  be  considered  as  a  similar  example.  I 
will  not  here  give  a  history  of  storm  theories,  but  only  briefly  sketch,  bo 
far  as  it  seems  important  for  my  purpose,  the  two  opposed  views; 
tbe  older,  which  is  still  found  almost  exclusively  in  our  German  text- 
books of  meteorology,  and  tbe  newer,  which,  proceeding  in  the  begin- 
ning from  America,  and  recently  from  tbe  most  northern  states  of 
ICarope,  has  also  already  found  iufaential  sapporters  in  Southern 
Europe. 

The  older  theory  considers  the  storm-whirl,  if  I  may  so  express  it,  as 
purely  mechanical,  arising  from  the  meeting  of  different  currents  of  air. 
Tbe  centrifugal  force  arising  in  consequence  of  the  rotatory  movement 
of  tbe  air  was  beld  to  be  tbe  cause  of  tbe  low  barometric  pressure  in  the 
center  of  the  whirls.  We  have  lately  beard  this  theory  more  fully 
expounded  by  Dr.  Wittwer  in  tbis  journal  [vol.  i,  pp.  1-4)].  The  new 
theory,  which  I  wonid  designate  as  tbe  physical  theory,  finds  in  the 
formation  of  some  local  dimiuntion  of  pressure  the  first  canse  of  an 
inflow  of  air  from  all  sides  and  the  attendant  formation  of  a  whirl  in 
coDseqaence  of  tbe  influence  of  the  earth's  daily  rotation.  Tbe  baro- 
metric depression  itself  is  viewed  as  a  consequence  of  the  condensation  of 
the  aqaeons  vapor  over  an  extensive  portion  of  the  earth's  surface  [see 
this  joamal,  vol.  vi,  pp.  200,  24C,  and  vol.  viii,  pp.  109, 177]. 

Aa  we  perceive,  the  difference  between  these  views  consists,  besides 
the  diverse  explanation  of  the  origin  of  the  whirl,  also  in  this,  that  the 
older  theory  explains  the  differences  of  pressure  as  dne  to  tbe  wind ; 
tbe  new  theory,  on  the  other  band,  dedaces  the  direction  and  strength 
of  the  wind  as  phenomena  resulting  from  the  previously  existing  differ- 
ences of  pressure. 

Both  theories  cannot  stand  together.  It  is,  however,  not  therefore 
necessary  that  tbe  one  should  be  absolutely  false  and  tbe  other  thor- 
oughly correct.  There  may  be  in  each  correct  and  incorrect  views  min- 
gled together.    Wherefore  we  will  examine  them  in  reference  to  this. 

No  one  can  deny  that  whirls  can  arise  by  tbe  conjunction  of  currents  at 
an  aogle  with  each  other.  But  how  in  this  manner  the  invariable  rota- 
tion from  right  to  left  in  the  northern  and  inversely  in  the  sonthem 
bemispbere  should  arise,  it  would  be  difBcult,  indeed  impossible,  to 
explain.  Still  more  difBcnlt  is  it  to  explain,  according  to  this  theory, 
tbe  fact  that  tbe  whirl,  once  formed,  pursues  a  path  of  hundreds  of 
miles  through  the  atmosphere,  in  the  course  of  which  it  continually 
draws  new  masses  of  air  into  motion,  overcomes  a  great  amount  of  fric- 
tionat  resistance  along  its  entire  path,  and  exerts  powerful  mechanical 
e£fects.  This  would  be  physically  impossible,  and  surpasses  even  the 
"  perpetual  motion  "  without  a  constant  accession  of  force.  It  must,  on 
tbe  other  band,  appear  to  every  one  as  a  pure  play  of  the  imagination  to 
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assume  a  perpetually  reuewetl  coujuactioa  of  winds  in  tbe  neceBSuy 
direction  coutiuiiously  along  tbe  Trhole  lengtb  of  tbe  Btorm-path  tbrtntgh 
the  most  direrse  systems  of  currents. 

Tbe  uew  tbeory  of  tbe  origin  of  the  rotatory  movemeut  tbroagbtbe 
devialiDg  iufiaence  of  the  earth's  rotation  upon  the  air  currents  floviog 
toward  the  area  of  least  pressure  fully  explains  the  inrariable  direcUoD 
of  rotation  from  right  to  left  in  the  northern  and  from  left  to  rigbtin 
tbe  southern  hemisphere.  It  also  satisfies  us  especially  in  that  it  points 
to  tbe  source  whence  the  whirl  when  once  formed  steadily  derives M' 
force.  To  this  end  it  utilizes  the  fact  that  every  great  whirlwind isao 
companied  by  an  abundant  condt^usation  of  aqueous  vapor.  The  lateoi 
heat  liberated  by  this  condensation  causes  a  more  rapid  ascent  of  air 
over  the  whirlwind  and  thus  induces  beneath  it  an  inflow  of  the  sir  frotn 
all  sides.  We  now  see  tliat  tbe  whirl  can  progress,  indeed,  that  it  miifit 
progress  if  it  is  to  have  daratioo.  The  force  that  it  needs  to  overcome 
tbe  frictional  resistance,  to  draw  in  hitherto  quiescent  masses  of  air,  to 
bring  about  its  powerful  mechanical  effects, — this  force  is  already  stored 
up  above  in  the  atmosphere  in  the  neighborhood  of  the  path  along  vbicb 
it  will  pass.  It  remains  latent  until  the  approaching  storm  liberates  i1. 
The  whirlwind  must  quickly  come  to  a  stand  when  it  does  not  flod  suf- 
ficient aqueous  vapor  in  tbe  atmosphere  and  at  the  same  time  has  great 
frictional  resistances  to  overcome- 
Since  in  this  way  this  newer  tbeory  affords  ns  a  sufficient  physical 
reason  for  some  of  the  most  important  pbenomeoa  observed  in  connec- 
tion with  storms,  I  have  allowed  myself  to  briefly  call  it  tbe  "  phjeial 
theory." 

We  must,  however,  consider  the  explanation  of  the  barometric  miniM 
as  due  simply  to  the  condensation  of  aqneoas  vapor  as  not  to  fin  eqoal 
extent  satisfactory.  I  have  already  in  this  journal  sufficiently  folK 
expressed  my  views  as  to  tbe  reasons  that  necessitate  tbe  rejection  of  tbe 
view  that  by  means  of  the  condensation  of  aqueous  vapor  any  consiJw- 
able  diminution  of  pressure  at  the  earth's  surface  can  be  prodacnl. 
[See  vols,  viii,  p.  102,  ix,  p.  2S9,  and  x,  p.  11.]  A  principle  correct  i" 
itself  has  been  pushed  to  extreme  conclusions,  to  which  the  theory  gi^^ 
notbundation  and  facts  afford  no  agreement.  Whoever  desires  to  see 
this  one-sided  application  pushed  to  its  extreme,  may  read  the  wort  of 
Hopkins  "On  the  Atmospheric  Changes,"  and  Iiaughtou's  "Physical 
Geography."  With  many  meteorologists  at  present  the  aqueous  vapor 
is  the  great  resort  in  every  time  of  need,  as  was  electricity,  under  tbe 
inflnence  of  Volta's  ideas. 

When  one  thinks  himself  obliged  to  reject  a  tbeory  that  appears  tD 
explain  satisfactorily  one  group  of  phenomena,  be  also  to  a  certain  e^ 
tent  assumes  tbe  duty  of  offering  a  better  one.  I  have,  however,  jost 
as  I  was  forced  to  think  of  attempting  this  duty,  bad  the  happiness 
to  find  that  this  is  no  longer  necessary ;  that  in  fact  other  and  better 
men  have  already  done  this. 
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I  have  already  remarked  (vol.  z,  p.  12)  that  I  believe  that  the  greatest 
part  of  the  barometrio  depression  in  storoos  mnst  be.  explained  in  some 
loechaDical  way.  This  is  a  return  to  the  older  theory,  and  one  conld  in 
this  resLiect  consider  me  as  reactiooaiy. 

It  is  remarkable  that  the  newer  theory  of  storms  no  longer  utilizes 
the  ceatrifagal  force,  aod  that  it  entirely  overlooks  a  further  iufloence 
similar  to  ceDtrifugal  force,  although  it  perfectly  recognizes  its  necessity 
in  deriving  the  diiectioo  of  the  wind.  The  older  theory  utilized  the 
centrifugal  force  to  explain  the  dimination  of  pressure  in  the  center  of 
the  whirl ;  bat  as  yet  I  hare  nowhere  foaud,  at  least  io  German  writings, 
that  any  one  baa  shown  os,  not  even  approximately,  bow  great  the  baro- 
metric differences  resulting  from  the  centrifugal  force  of  the  rotating 
masses  of  air  cao  be,  or  whether  it  suffices  to  explaiu  the  greater  part 
of  snob  depressions  as  occur  in  cyclones. 

It  is  here  the  place  to  promptly  say  that  one  should  never  attempt  to 
explain  all  barometric  differences  as  consequence  of  the  movement  of  the 
air.  This  extreme  is  to  be  avoided  precisely  as  is  the  other.  Our  view  is 
only  that  the  larger  part  of  the  observed  great  differences  of  atmos- 
pheric pressure  in  a  whirlwind,  or  even  in  a  directly  progressing  carrent 
of  air  so  far  as  any  exist,  is  a  consequence  of  the  movement  of  the  air. 
This  latter  movement  is,  however,  itself  the  result  of  an  original  slight 
bnt  more  general  variation  of  pressnre. 

We  have  qoite  recently  heard  Beye  defend  the  view  that  a  con- 
densatiim  of  aqueous  vapor  over  an  extended  portion  of  the  earth's 
sarface  must  cause  a  fall  in  the  pressure  of  the  air  in  consequence  of 
tbe  increase  of  temperatnre  that  takes  place  at  the  place  of  condensa- 
tion. From  a  theoretical  point  o(  view,  but  little  objection  can  be 
brought  against  this  view.  But  it  is  impossible  even  to  estimate  how 
great  the  conseqnent  actual  fall  in  pressure  may  be  even  under  any  given 
circumstances;  and  since  we  know  from  observation  that  where  tbe  most 
rain  falls  the  irregular  variations  in  the  barometer  are  not  great  enough 
to  disturb  the  regular  diurnal  period,  whose  amplitude  In  favorable  cases 
amounts  to  3  millimeters,  therefore  we  may  conclude  that  the  influence 
aoder  discnsBton  must  have  a  less  effect  than  this.  On  tbe  other  hand, 
from  known  principles  of  meobanics,  we  must  necessarily  conclude  tbat 
the  movement  of  tbe  air  once  set  up  mast  of  itself  bring  about  differ- 
ences of  pressure  tbat  are  ten  or  fifteen  times  greater.  We  can  there- 
fore scarcely  be  in  doubt  as  to  how  we  are  to  explain  the  great  variations 
of  pressure  observed  in  the  extra- tropical  regions. 

At  the  same  time  that  I  was  writing  out  for  this  journal  my  thoughts 
adverse  to  pushing  Espy'a  theory  too  far,  Professor  William  Ferrel,  of 
Washington,  pnblished  a  memoir  (American  Joarnal  of  Science,  vol. 
Tiii,  Nov.,  1874)  in  which  he  endeavored  to  express  mathematically  tbe 
variations  of  pressure  occurring  in  storms  as  a  consequence  of  the  centri- 
fugal force  and  of  the  earth's  rotation.  In  this  memoir,  however,  he 
merely  especially  elaborates  and  accommodates  to  the  present  state  of 
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oar  knowledge  of  storms  an  idea  tbat  be  bad  already,  in  1861,  pobli^ed 
in  more  general  form  in  Sillimao's  American  Joamal  of  Science.' 

Id  reference  to  tbe  cnrrents  and  preasnrea  of  the  air  in  cyclones  in  lor 
latitudes,  we  possess  an  excellent  matbematical  investigation  by  the 
genial  Danish  engineer  Colding,  well  known  as  one  of  tbe  fonndersof 
tbe  mecbaaical  theory  of  beat.  Since,  however,  his  work  appeared  in 
tbe  Danish  language,  in  tbe  Proceedings  of  tbe  Academy  of  Copeobageii, 
certainly  but  few  meteorologists  ontside  of  Scandinavia  will  have  become 
acqnainted  with  it,  and  we  wilt,  therefore,  pretty  fnlly  reprodnce  it  io  a 
later  nnmber  of  this  journal.  [See  Paper  I,  wbich  translation  was  made 
in  1S73  directly  from  tbe  original,  with  but  few  corrections,  suggested  bf 
a  Bobaequent  comparison  with  Hann's  German  version. — C.  A.}  Colding 
considers  tbe  tropical  cyclones  as  true  whirls,  in  which  the  air  rotates 
abont  a  vertical  axis,  and  tbedifferenceB  of  pressure  from  the  center  to  tlie 
edgoof  the  whirl  computed  by  him  nnder  this  assomption  agree  periecti; 
with  the  observed  values. 

Of  course  we  cannot  assnme  tbat  there  exists  in  onr  whirlwinds  an; 
rotation  of  the  mass  of  air  in  tbe  sense  that  it  several  times  or  evenooce 
revolves  about  the  center:  the  air  moves  apparently  in  spiral  paths  to- 
ward tbe  center.  This,  however,  is  no  reason  why,  even  in  the  smallest 
portions  of  tbe  curved  path,  the  centrifugal  force  should  not  have  its  iafln- 
ence  according  to  the  prevailing  radios  vector  and  velocity-  [Bncliaois 
therefore  inerror  in  denying  the  inflneoce  of  centrifbgal force.  HandBook 
of  Meteorology,2d  edition, p. 281.]  Tbeanalogonsinflnenceof  tbeearth's 
rotation  is  to  be  added  thereto,  and  the  consequence  of  both  these  in- 
finences  is  tbat  tbe  atmospheric  pressure  at  tbe  earth's  surface  dimin- 
ishes toward  the  center  of  the  storm-area.  Especially  does  the  influence 
of  the  earth's  rotation  explain  simply  and  natarally  the  freqoentiy  im- 
mense extension  of  the  area  of  mnch  diminished  pressnre  in  the  bigber 
latitadea,  while  it  is  impossible  to  explain  barometric  minima  of  sncb 
extent  by  means  of  an  ascending  current  of  air  or  by  precipitation.f 

In  order  to  make  somewhat  clearer  the  influence  of  the  rotation  of  tiie 
earth  upon  the  origin  of  barometric  differences  in  a  moss  of  air  in  mo- 
tion, I  will  assnme  a  definite  case,  and  for  simplicity  assnme  a  stona- 
wind  advancing  in  a  straight  line. 

Let  ns  assume  a  sontbwesC  storm,  extending  from  Northern  ScotlaDd 
to  the  foot  of  the  Alps,  or  over  about  ten  degrees  of  latitude,  as  often 
occurs.  The  velocity  of  tbe  wind  at  a  short  distance  above  the  earth's 
surface  will,  at  30  meters  i>er  second,  not  be  assumed  unusually  gnat. 

*  [Note  by  the  TnAKSLATon. — See  Bome  accoaot  of  Feirel'e  works  in  tbe  Dots  od 
paga  72.] 

t  Id  reference  to  this  see  B.  H.  Scott's  memoir  "  On  Beceot  Progress  in  Weather  Edd«1- 
edge."  Tbe  magoitQde  of  tbe  depresaiona  iiffords  an  argnmeDt  against  tbeir  tMisg 
eimply  das  to  tbe  condeDsation  of  vapor,  foe  on  November  22,  IHG9,  barometrical  resd- 
tDgs  were  reduced  to  the  extent  of  nearlj  on  inch  from  what  they  had  been  on  tbe  Slit- 
over  an  areaofabont  000,000  square  miles.  On  Jai]aar;F  SO,  1S73,  the  deficit  of  atno*- 
pherical  prMsnre  amoDDted  to  aboDt  ^  o' monnt  over  tbe  UDited  EingdMO. 
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The  earth's  rotation  will  exert  its  infinence  apon  this  cnrreDt  of  air;  and 
Doder  the  BimaltaneouB  tufloeuce  of  gravitation  and  the  deviation  to  the 
right  iu  consequence  of  the  rotation,  the  level  sarfaces,  or  surfaces  of 
equal  preasore,  can  no  longer  remain  parallel  to  the  earth's  surface,  but 
mast  ascend  toward  the  Bontheast. 
If  we  designate  by 

n  the  angular  velocity  per  second  of  the  rotation  of  the  earth, 

"  ~  8616.4 ' 
P,  the  geographical  latitude ;  then  will 
»  sin  f  =  the  deviation  to  the  right,  or  the  apparent  turning  which  a 
moviog  particle  experiences,  as  is  shown  in  elementary 
physics ; 
« It  sin  f)  will  therefore  be  the  liDcar  deviation  where 

V  is  the  path  described  in  the  unit  of  time,  and  consequently 
2 on  sin  f  is  the  corresponding  acceleration  [Beschlevnigung]. 
If  we  designate  by 

h  the  ascent  of  the  level  surfaces  for  a  breadth  b  of  the  current 

of  air,  and  by 
g  the  acceleration  [BescMeunigung]  due  to  gravitation,  the  fol- 
lowing equation  mnet  then  obtain : 

g.j^  =  2vnam<p, 

or 

,  _  2  fe  g  «  sin  y 
~  9 

From  this  equation  (which  has  already  been  previonsly  applied  to  the 
computation  of  the  elevation  of  the  water  on  the  right  bank  of  our  rivers 
in  consequence  of  the  earth's  rotation,  and  which  must  also  hold  good 
for  currents  of  air)  can  be  computed  the  ascent  from  northwest  to  south- 
east of  the  level  surfaces  in  our  current  of  air.  If  we  take  for  y  its  mean 
value  53°,  and  for  b  1113  kilometers,  we  find 
A  =  396.5  meters. 

Therefore  the  surfaces  of  equal  pressure  are  elevated  by  396  meters 
from  northwest  to  southeast,  which  corresponds  to  a  dlGference  of  press- 
ore  of  37.7  millimeters  of  mercury.  In  our  present  case,  therefore, 
simply  in  consequence  of  the  influeoce  of  the  earth's  rotation  upon  the 
•oatbwest  wind,  the  pressure  must  diminish  by  38  millimeters  from  the 
northern  slope  of  the  Alps  to  the  northern  portion  of  Scotland.  I 
flee  no  way  by  which  we  can  evade  this  conclnsion.  Owing  to  the  rota- 
tion of  the  earth,  a  current  of  air  muat  always,  in  the  northern  hemisphere,  be 
aeeompanied  bi/  a  diminution  of  pressure  on  its  left  side.  But  this  diminu- 
tion of  pressure  corresponds  to  a  condition  of  equilibrium  so  long  as  the 
movement  of  the  air,  or  the  quantity  v,  remains  the  same.  There  are, 
therefore,  barometric  depressioos  (and  so-called  barometric  gradients), 
and  very  large  ones  too,  that  are  the  consequences  of  air  currents  whioh 
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were  tbeniBelves  first  prodaced  by  the  depieasioD.  The  dimiDntioo  of 
pressure  at  the  earth's  surface  is  iacreased  when  the  air  moves  iiot  io 
rectiliDcar  bat  in  curriliDear  paths,  eiDce  then  the  ordiaaiy  ceotrifagal 
force  also  comes  ioto  play.  It  is  now  customary,  as  is  veil  kuovti,  todeaig- 
iiate  by  the  teim  *'  barometric  gradient,"  or  "  the  gradient,"  the  differ- 
ence of  pressure  for  a  given  amount  of  distance,  and  to  issuing  "  storm 
varuings"  one  dadnces  the  strength  of  the  future  wind  from  the  magni- 
tude of  the  gradient.  We  have  just  shown  that  the  greatest  part  of  an 
observed  gradient  is  not  the  cause  but  the  result  of  the  violence  of  the 
wind.  For  practical  storm  predictions,  however,  this  is,  of  course,  im- 
material. In  general,  the  so-called  "  Buys  Ballot's  law "  is  only  the 
shortest  expression  for  the  facts  graphically  presented  upon  the  synop- 
tic charts,  and  it  is  therefore  not  affected  by  the  vagaries  of  the  theories 
of  the  origin  of  areas  of  low  pressnre. 

We  believe  we  have  now  reached  a  point  of  view  from  which  the  labors 
of  Ferrel  and  Golding  gain  an  increased  interest;  from  which  also,  at 
the  same  time,  thelimitsof  their  applicability  may  be  perceived,  and  we 
can  therefore  proceed  to  their  memoirs. 

The  title  of  Ferrel's  memoir  reads;  "  Relation  between  the  Barometric 
Gradient  and  the  Velocity  of  the  Wind  "  ( Amer.  Jour.  Sci.,  toL  viii,  1S74). 
The  following  is  not  a  translation,  bat  a  sort  of  working  over  of  Fer- 
ret's text.    Especially  have  we  deduced  equation  (I)  iu  a  more  elementary 
way,  and  also  given  it  a  somewhat  different  form. 

When  water  has  a  motion  of  rotation  in  a  stationary  basin,  the  centri- 
fugal force  produced  by  the  rotation  causes  the  water  to  retreat  from 
the  center,  and  to  ac<]mre  a  fuunel-shaped  surface  ascending  toward  the 
edge  of  the  vessel.    In  consequence  of  this,  the  pressure  on  the  bottom 
of  the  basin  increases  from  the  center  toward  the  circumference.     If 
r  is  the  distance  from  the  center  of  the  basin, 
u  the  angular  velocity  of  the  rotation, 
then  will 

r  u^  express  the  magnitude  of  the  centrifugal  force. 
But  in  case  the  basin  itself  has  also  a  rotatory  motion  in  the  same  direc- 
tion, whose  angular  velocity  we  designate  by  u,  then  will  the  expression 
for  the  magnitude  of  the  centrifugal  force  be 

r  («.  +  h)^  =  r  (^=  +  2  «,  u  +  K')  =  r  «.=  +  2  «.  i;  +  «  i-, 
because  r  u  is  the  linear  velocity  of  the  movement  of  the  water  relative 
to  the  basin.  \ow  the  increase  of  pressure  or  the  gradient  in  the  direc- 
tion from  the  center  toward  the  circumference  depends  on  this  quantity 
\r  v].  If,  however,  we  refer  the  gradient  to  the  surface  of  the  water 
when  at  rest  with  respect  to  the  basin,  which  latter,  however,  itself  has 
an  angular  velocity  u,  then  in  tbe  above  expression  we  must  omit  the 
term  r  w',  which  depends  simply  upon  u,  and  the  expression  for  tbe 
centrifugal  force  becomes 

2  lu  »  ■^-  M  r  =  (2  ■«  -J-  m)  ». 
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lu  the  case  of  a  cfclone  od  tbe  earth's  surface  of  comparatively  slight 
extensioD,  aod  for  which  therefore  the  curvature  of  the  earth's  surface 
cau  be  neglected,  we  have  a  pheuomenou  quite  similar  to  the  preceding. 
In  addition  to  the  rotatory  movement  of  a  cyclone  relative  to  the  earth's 
surface  there  is  also  to  be  considered  the  proper  motion  of  the  latter, 
one  compoDeot  of  which  corresponds  to  the  torniag  of  a  disk  about  a 
center.  In  the  elementary  text-books  of  physics,  la  connection  with  the 
explanation  ot  Foucault's  pendulum  experiments,  it  is  demonstrated 
that  the  magnitude  of  this  horizontal  component  of  the  daily  rotation  is 
expressed  by  n  sin  ^  for  the  latitude  f,  where  n  is  the  angular  velocity 
of  the  earth's  rotation.  We  have  therefore  in  the  above  expressiou  to 
substitute  n  sin  ^  for  u  in  order  to  find  the  magoitnde  of  the  ceotrifugal 
force  effective  in  a  cyclone.  The  term  «*  siu*  y  must  be  omitted  as 
before,  because  we  refer  the  difference  of  pressure  or  the  barometric 
gradient  to  the  elliptical  surface  of  tbe  earth  and  not  to  the  surface  that 
would  be  if  there  were  no  rotalioo  about  au  axis. 

Let 
b  —  J/  be  the  difference  of  pressure,  expressed  by  the  height  of  a 
column  of  mercury,  for  a  unit  of  distance  in  the  horizontal  direc- 
tion along  the  nonual  to  an  isobar  upon  tbe  earth's  surface  or  a 
surface  parallel  thereto,  and  let 
a  be  tbe  specific  gravity  of  mercuiy, 
then  will  tbe  pressure  of  the  unit  volume  of  air  in  the  direction  of  the 
normal  and  toward  the  side  of  lower  pressure  be  equal  to  {b~b')  a. 
Tbe  pressure  in  the  opposite  direction  of  the  unit  of  volume  lesnlting 
from  tlie  centrifugal  force  of  the  rotating  air  is,  according  to  au  element- 
ary proposition  ia  mechanics,  expressed  by 

9  r  -g        ' 
where 

i  is  the  specific  gravity  of  the  unit  volume  of  air, 

g  the  acceleration  of  gravity, 

V  tbe  linear  velocity  of  the  air  in  its  path, 

a  the  angular  velocity  of  the  lUr  lu  its  path, 

r  the  radius  vector  of  the  air  in  its  path. 

In  onr  case, 

r  IB*  is  (2  n  sin  y  +  w)  v. 
If,  therefore,  the  air  neither  approaches  nor  recedes  from  the  axis  of 
rotation,  tbe  following  equation  must  obtain ; 

(&  —  f)  <r  =  -  (2  n  sin  9.  +  «)  e. 
If  further  we  deugnate  by 
J£  the  "  gradient "  or  the  barometric  difference  for  a  defluite  dis- 
tance I  (the  London  Meteorological  Office  assumes  I  =  50  nautical 
or  geographical  miles  =  92.76  kilometers). 


iiyGooylc 
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tbea  from  tbis  definition  follows 

aod  by  substitution  of  this  value  we  find 

..-. '  ''■ 

Let 

B  be  tbe  barometrio  pressure  at  a  given  place, 

T  the  temperature  expressed  on  tbe  absolute  scale,  that  ia  to  say, 

T  =  273°  +  (, 
tbea  we  have 

a  -  1  -  A    ^®3^ 
""■  V      7tiO  ■  ITT  ' 

where  10,333  kilograms  is  tbe  pressnre  of  one  atmosphere. 

If  we  substitute  this  valne  of  i,  and  insert  the  onmerical  valaea  of 
g  =  9.806  meters  (for  ^  =  45°),  a  =■  13596  kilograms,  B  =  29.3,  tbea  we 
find 

^B=^-j.{2nBiiiv  +  ")v.  (I) 

In  tbis  formula,  I  is  expressed  in  meters,  S  in  millimeters,  2  Hand  u 
in  terms  of  tbe  radius,  v  in  meters  per  second  of  mean  time;  2  n  isa 
coDstant  whose  numerical  value, 

we  have  not  inserted  in  the  formula  merely  for  typographic  reasons  and 
convenieDce. 

The  equation  (I)  represents  tbe  gradient  dS  as  a  funotiOD  of  tbe 
velocity  of  tbe  wind  in  case  that  the  air  describes  a  pnrely  central  move- 
ment, and  has  therefore  no  frictiooal  resistance  to  overcome,  as,  also, 
that  no  new  masses  of  air  are  drawn  into  tbe  movemeot. 

We  will  now  illustrate  tbe  use  of  this  formula  by  two  Dumeiical  exam- 
ples, whereby,  however,  it  must  be  remarked  that  it  is  only  as  a  fltet 
approximation  that  it  can  find  an  application  to  actual  conditions.  For 
numerical  computations,  our  formula  first  acquires  a  more  coDvenient 
form  when  we  put  B  =  TeO"",  and  T  =  273°,  or  ( equal  to  0°  Oentigrade 
orE^umur,wbich  is  always  allowable,  since  tbe  inaccuracies  that  result 
&om  these  assumptions  are  smaller  than  those  that  attend  the  imperfect 
theory  itself.    We  will  put  tbe  distance  I  equal  to  one  German  mile,  or 

7.12  kilometers.    Finally,  if  we  consider  that  u  v  =  — ,  where  r  represeuts 

the  distance  from  the  axis  of  rotation,  then  tbe  formula  becomes 

JB  =  71.876  rCOOOXlSS  siof.v  +  y). 

If  we  desire  to  refer  the  gradient  ^B  (which  will  be  given  in  milli- 
meter:)} to  the  English  unit  of  50  nantical  miles  [instead  of  cue  German 
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mile],  tbea  must  the  value  given  by  this  formula  be  multiplietl  by  12.5 

lu  the  night  of  January  26-27, 1874,  we  experienced  in  Vienna  the 
moBt  Tioleut  storm  (^om  the  WKW.)  since  the  establisbmeot  of  the 
new  anemometer.  The  maximum  velocity  of  the  wind  attained  31 
meters  per  second  (see  this  Journal,  vol.  ix,  p.  62).  The  mean  velocity 
between  7  a.  m.  and  8  a.  m.  was  27.6  meters.  The  synoptic  charts  of 
Captain  Hof&neyer  show  that  on  this  morning  an  area  of  low  pressure 
(720  millimeters)  existed  in  the  Deigbl)orbootI  of  St.  Peterebnrg,  and  that 
the  gradient  toward  this  point  whs,  in  the  neighborhood  of  Vienna,  0.22 
millimeter  per  German  mile. 

If  we  put  tp  =  48°,  V  =  27.6,  and  r  =  1630  kilometers,  or  almut  the  dis* 
tance  of  Vienna  from  St.  Petersburg,  then  we  find  from  the  preceding 
formula : 

JB  resulting  from  the  earth's  rotation  =  0.214 

JB  resnlting  fVom  the  centrifagal  force  =  0.033 

Therefore  the  whole  dB  =  0.25 

We  see  clearly  from  this  that  even  the  imperfect  theory  affords  a  very 
ai^roximate  value  for  the  barometric  differences.  It  further  follows  that 
the  influence  of  centrifugal  force  may  be  neglected  iu  the  storms  of  our 
latitude,  which  generally  extend  over  a  very  great  extent  of  surface,  and 
in  which  the  greatest  velodty  of  the  wind  does  not  commonly  occur  in 
the  neighborhood  of  the  storm-center  (or  rathw  of  the  lowest  barome- 
tric pressure).  For  comparison,  I  will  add  that  the  greatest  gradients 
known  to  me  directly  from  onr  telegraphic  weather-reports  are  the  fol- 
lowing*. 

1869,  November  14,  7  a.  m.— Wind  WNW.,  force  10  at  Vienna.  Gra- 
dients: from  Vieuna  to  Cracow,  0,22;  Vienua  to  Iscbl,  0.28  millimeter 
per  German  mile. 

1869,  December  2,  7  a.  m. — Bora  of  hurricane  force  in  the  Gulf  of 
Trieste  and  in  the  Adriatic :  The  gradient  from  Klageufurt  to  Pola  was 
0.31  millimeter. 

,  We  will  now  cousider  a  tropical  whirlwind,  and  choose  that  which 
devastated  the  island  of  St.  Thomas  on  the  2l8t  Aognst,  1871.  The 
observations  show  that  at  distances  of  about  67  and  111  English  miles 
from  the  central  point  of  the  whirlwiod  the  pressures  were  respectively 
10  and  17  millimeters  higher  than  in  the  central  calm  space,  whose  radins 
was  3.6  English  miles.  This  gives  gradients  of  0.86  millimeter  and  0.60 
millimeter  for  one  German  mile.  If  we  substitute  in  the  formula  the 
DOmerical  values  f  =  28°,  t;  =  30,  r  =  57  English  miles  =  01.7  kilome- 
ters, we  find 

JB  as  the  effect  of  the  earth's  rotation  =  0.10 

JB  as  the  effect  of  the  centrifugal  force  =  0.71 

4B  the  total  of  both  influences  =  0.81 

Therefore,  a  wind-velocity  of  only  30  meters  suffices  to  explain  the 
observed  extraordinary  difference  of  pressure,  J£  =  0.73,  in  a  distance 
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of  57  miles.  We  further  learu  from  tliiB  example  tbat  in  whirlwinds  of 
smaller  dimensiOiia  the  inflaence  of  the  centrifagal  force  many  times 
exceeds  tbat  of  the  earth's  rotation,  so  that  ia  these  cases  the  latter,  in 
low  latitudes,  may  be  neglected  witboat  great  error. 

CooseqneDtly,  ia  oar  storms  [latitude  50°]  the  barometric  depressions 
are  principally  a  coaseqaence  of  the  inflaeace  of  the  earth's  rotation  npon 
the  moving  masses  of  air;  in  the  tropical  cyclones,  on  the  otber  band, 
the  depressions  are  a  consequence  of  the  centrifugal  force. 

Professor  Loomis  has  endeavored  to  prove  tbat  tbe  ceatrifagal  force 
can  produce  no  sensible  barometric  depression.  (See  his  memoir  "On 
Certain  Storms,  &c.,"  page  24,  Smithsonian  Coatributioas.)  He  compotes 
for  tbe  storm  of  the  25th  December,  1839,  io  Central  Earopo,  that  St  a 
distaace  of  400  miles  tbe  ceatrifagal  force  was,  in  round  numbers,  only 
sArs  P&rt  of  gravity,  and  conclades  thence,  farther,  tbat  therefore  the 
pressure  could,  on  that  account,  only  sink  about  the  -j^s  =  7aoS  '*^  ^" 
inch.  That  this  coaclasion  is  wholly  erroaeous  need  scarcely  be  re- 
marlied,  had  not  tbe  result  been  quoted  in  an  excellent  English  hand- 
book of  meteorology. 

In  nature,  the  conditions  are  not  so  simple  as  we  have  hitherto  Intro- 
daced  in  our  compntatiooa.  The  air  does  not  move  in  a  circnlar  orbit 
about  tbe  storm-center,  but  flows  toward  it  in  spiral  paths.  Ferrel 
seeks  to  introdace  this  spiral  movement,  and  also  the  frictional  resist- 
ance, into  bis  computation.  We  give  in  the  following  his  presentation 
of  tbe  subject,  but  can,  for  several  reasons,  not  consider  it  as  correct. 

When  the  air  flows  in  toward  the  center  of  tbe  cyclone  (or  in  tbe  npper 
strata  flows  away  from  it),  we  must  in  equation  (I)  introduce  in  the 
rigbt-band  member  another  term,  F,  which  shall  represent  tbe  resistance 
to  the  movement.  Similarly  the  entire  centrifngal  force  of  the  cnrvilin- 
ear  movement  ia  not  now  active,  bnt  a  less  force,  whose  amount  we 
find  by  dividing  tbe  actnal  velocity,  ru,  into  two  components,  one  io 
the  direction  of  the  tangent  and  tbe  otber  perpendicular  thereto. 

If  we  indicate  by  t  the  angle  between  the  actual  direction  of  motion 
and  the  tangent,  then  will  tbe  first  of  these  components  be  represented 
by  r  u  cos  t,  or  «  cos  i,  and  tbe  centrifugal  force  depends  only  npon  this. 
We  have  therefore,  now,  as  a  new  equation  for  spiral  movements,  lire 
following,  in  which  the  value  of  F  remains  still  to  be  determined : 

{!')  JB  =  rr^j-^  •  Y'-  I  (2  ft  sin  J.  +  K)  B  cos  t  -f  J"  J  • 

According  to  tbe  principle  of  tbe  conservation  of  areas  in  the  case  of 
purely  central  forces,  tbe  following  equations mustobtain  inallpartsof 
a  cyclone: 

r  *  (n  sin  jp  +  «)  =  Constant ; 
and  therefore 

—  r  du  =  2  (n  sin  fo  +  u)  ^r, 

Tbe  second  member  of  this  last  equation  is  tbe  expression  of  the  force 

which  would  strive  to  prescrro  a  rotatory  motion  about  tbe  center.   In 
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case  of  the  absence  of  every  frict  iooal  resistance,  this  entire  force  will  be 
applied  to  the  acceleration  or  retardation  of  the  rotatory  movement  of 
the  particles  of  air  according  aa  these  are  respectively  approacbiog  to 
or  receding  from  the  center.  When,  however,  any  friction  exists,  this 
force  will  be  almost  esclusively  used  to  overcome  this  frictional  resist- 
ance.  If,  now,  we  designate  this  frictional  reaiBtance  by  F',  which  acts 
in  tbc  direction  perpendicular  to  the  radins  along  the  portion  t>  coa  j 
of  the  path,  ns  we  have  previously  designated  by  F  the  resistance- 
acting  in  the  direction  of  the  radios  along  the  portion  -^j   then    the 

at 
following  relations  hold  good ; 

'il' 


"' is  very 

nearly  =  2(»  sin 

f  +  «) 

F  = 

2  n  sill  ff  +  2  M 

CD' 

This  latter  expression  is  always  positive,  and  attains  its  greatest  value 
in  the  neighborhood  of  the  earth's  surface,  where  the  frictional  resist- 
ance is  the  greatest.  With  increasing  altitude,  where  only  swiftly  mov- 
ing air  rutis  against  more  slowly  moving  air,  the  friction  rapidly  dimio. 
isbcs,  while  the  angle  i  also  approximates  to  its  limiting  value  of  zero. 

If,  now,  we  substitute  this  value  of  F  in  the  equation  (I'),  after  we 
have  previously  multiplied  numerator  and  denominator  by  v  cos  i,  we  can, 
wttb  slight  error,  eliminate  the  common  factor  v cost (2 n sin f  +  «), 
whereby  the  equation  acquires  the  following  form : 

/dr\ 


1   ^  (pcos.r  ( 


But  since,  according  to  the  definition  of  i,  the  ratio  _:  (^  cos  t  =  tang  j^ 

therefore  the  definitive  expression  for  the  gradient  in  the  case  of  a 

spiral  movement  of  the  air  is  as  follows : 

(li)  ,D_     I        B    (2  n  Kin  y  -m)  p 


III  reference  to  this  equation(II),  we  must  make  the  following  remarks: 
Tirst,  that  part  of  the  gradient  that  results  from  the  term  2  n  t>  sin  p  Is 
really  entirely  independent  of  the  angle  i  or  of  the  direction  of  the  currents 
of  moving  air,  but  the  formula  allows  it  to  increase  with  increasing  valnes 
of  i,  which  must  lie  incorrect.    Secondly,  the  second  term  which  repre- 
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seots  tlie  ioflaence  of  tiie  ceatrifagal  force  appeara  to  be  mdepeodent 

of  t,  since  the  development  shows  it  to  be  eqnal  to  -— .      .  — (or^as 

given  in  the  second  page  of  the  original,  =  -^ .  ■^^^^aq'-*  »  which  is 

the  same,  excepting,  of  coarse,  the  constant),  but  in  oar  storms  [latitude 
SOoj  almost  the  only  term  of  influence  is  the  first ;  therefore  from  Ferrel's 
formula  we  should  find  too  large  a  value  for  the  gradients. 

In  the  latest  number  of  Symon's  Meteorological  Magaztoe  (Uan^, 
1875),  Stbachan  has  applied  Ferrel'a  formula  (II)  to  Toynbee's  charts  of 
the  5tb  Febrnary,  1870.  These  latter  give  the  gradients  AB  as  =  0.114 
English  inch  for  each  100  miles ;  v  was  estimated  as  eqaal  to  56  miles 
per  hour,  and  since  f  =  45°,  r  =  350  miles,!  =  45°,  therefore  the  formnla 
gives  J£  =  0.320  which  is  nearly  thrice  too  large.  But  if  we  compute 
according  to  our  formula  (I),  and  neglect  the  centrifugal  force,  as  is 
allowable  in  tfaiscase,  we  find  JB  =  0.156  inch.  Had  we  ased  the  fonnola 
(I'},  and  neglected  F,  it  would  have  given  J£  =  0.160  inch.  Therefore, 
in  both  cases,  we  obtain  much  more  correct  values  than  according  to 
Ferrel's  formula  (II). 

We  give  now  in  abstract  Ferrel'a  discussiou  of  formula  (II).  We  have 
designated  by  u  the  angular  velocity  of  the  rotating  mass  of  air.  Be- 
sides this  rotation,  however,  in  general  there  Is  also  a  movement  either 
toward  or  from  the  center  of  the  cylone ;  the  former  occurs  in  the  lower 
portion,  the  latter  in  the  upper  portions  of  the  cyclone.  The  value  of  t, 
therefore,  has  opposite  signs  above  and  below,  and  somewhere  in  the 
middle  t  must  entirely  disappear,  the  movement  being  assumed  purely 
circular. 

The  value  of  i  depends  mostly  upon  the  friction,  but  to  a  certain 
extent  also  upon  the  inertia  of  the  mass  of  air  in  those  cases  in  which 
the  movement  is  increasing  or  diminishing,  as  in  the  beginning  and  end- 
ing of  the  cyclone.  It  is  therefore  also  greatest  over  the  land  and  near 
the  earth's  surface,  and  comparatively  slight  at  sea,  and  especially  so 
In  the  upper  strata  of  the  atmosphere.  It  further  depends  on  the  geo- 
graphical latitude,  and  at  the  equator  we  have  i  =  dft°,  for  there  can  be 
there  no  rotation,  but  the  movements  are  directly  toward  or  from  the 
center  of  a  region  of  expansion  or  condensation. 

The  greater  the  value  of  F"  for  the  same  value  of  v,  so  muclf  the 
greater  will  be  dr,  and  therefore  also  t.  When  for  different  velocities 
the  friction  increases  in  proportion  to  the  velocity,  then  must  dr  increase 
in  the  same  proportion  (since  F"  =  2  {neioy  +  u)  dr)  and  i  remains  con- 
stant for  all  velocities  as  long  as  u  can  be  ueglected  in  comparison  witb 
n  siu  f,  that  is  to  say,  for  large  distances  from  the  center.  But  nearer 
to  the  center  of  a  cyclone,  where  u  is  very  large  in  comparison  witb 
nsin  f>,  dr  is  very  small,  and,  under  the  same  circumstances,  therefore 
also  the  value  of  i.  For  all  ordinary  winds,  the  value  of  i  is  probably 
nearly  constant  for  all  velocities,  and  therefore  observations  for  a  given 
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sort  of  Bnrrace  (land,  sea,  &cO  safiSce  to  determine  a  Talne  of  i,  which 
can  theo  be  applied  to  all  cases  of  cyclooea  of  every  degree  of  severity 
above  a  enrface  of  the  same  kind. 

These  coDclosions  agree  very  well  with  the  results  of  the  InvestigatioD 
of  Clement  Ley  into  the  inclination  of  the  wind  to  the  isobars  (see  this 
joomal,  vol.  ix,  p.  95).  Tbe  observations  at  the  English  statioDS  gave 
a  larger  value  of  t  iu  tbe  interior  of  the  coontry  than  on  the  seaKwast 
and  in  the  npper  regions  of  the  atmosphere.  Ley  farther  found  that 
tbe  inclination  was  tbe  greatest  for  tbe  E9E.  winds,  and  least  for  the 
WNW.  winds,  while  the  mean  direction  of  progress  of  the  cyclones  was 
from  SW.  to  NE.  Tbe  inclination,  therefore,  appears  greatest  in  the 
&ont  portion  of  the  cyclone,  where  masses  of  air  previously  at  rest  mast 
be  Srst  set  in  motion,  and  perhaps  this  is  a  general  law.'  It  also  agrees 
with  tbe  theory  that  in  tbe  interior  of  a  continent  the  Btrong  winds 
should  have  a  less  inclination  to  tbe  isobars  than  the  weak  ones,  and 
that  tbe  inclination  is  much  more  constant  for  strong  than  for  weak 
winds,  for  tbe  strongest  winds  are  to  be  foaud  in  the  neighborhood  of 
the  center  of  a  cyclone  where  —  is  targe  in  comparison  with  v  n  sin  7. 

Professor  Loomis  found  the  value  of  i  in  the  United  States  under  north 
latitude  about  4u<^  much  greater  than  Ley  found  it  for  G-reat  Britain 
under  north  latitude  about  SO'^.  This  agrees  in  general  with  theory. 
Tbe  somewhat  too  rapid  increase  of  i  is,  according  to  Ferrel,  to  be 
ascribed  to  the  greater  resistance  due  to  friction  in  a  less  cultivated, 
wooded  country. 

Tbe  trade  wind  at  a  mean  latitude  of  20°  gives  an  inclination  i  =  20°, 
which  is  very  much  greater  than  Ley  found  at  coast  stations  in  England. 

In  tbe  case  of  violent  tornadoes  and  waterspouts,  where  tbe  rotation 
takes  place  very  near  to  tbe  center  and  with  the  greatest  violence,  «  is 
more  important  than  nsin  f,  and  this  term  can  be  entirely  neglected, 
especially  in  low  latitudes.  On  the  other  band,  in  extensive  cyclones  and 
at  a  considerable  distance  from  tbe  center,  n  sin  f  is  more  imi>ortant  than 
u,  and  the  value  of  dB  depends  principally  upon  tbe  effect  of  the  earth's 
rotation,  and  only  in  slight  degree  npon  the  centrifogal  force  that  is 
called  out  by  tbe  rotation  with  reference  to  the  earth's  surface  of  tbe 
mass  of  air  about  the  center. 

In  the  center  of  a  cyclone,  the  pressure  of  the  air  mast  be  a  minimum : 
therefore  JU  =  0 ;  whence  al^o  v  =  0;  and  a  calm  must  prevail  at  the 
center. 

In  large  cyclones,  up  to  considerable  distances  from  the  center,  JB 
attains  no  great  value,  and  therefore  the  calm  region  must  have  a  con- 
siderable diameter.  .  In  many  cyclones,  tbe  area  of  perfect  calm  attains 
a  diameter  of  30  miles. 

In  the  outer  portion  of  a  cyclone,  the  rotation  must  necessarily  be  in 

*  Bat  LoomiH  foand  the  greater  iDcliualioD  io  Ibe  rear  Id  Ibe  Americen  storiuB  (mo 
thlejoamal,  vol.  ii,  p,  S49). 
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tbe  opposite  directioo,  and  the  component  v  cos  i  of  tbe  rotatory  move- 
ment mast  be  negative,  and  therefore  J  B  wilt  be  also  negative.  At  a 
certain  diataoce  from  the  center  of  a  perfect  cyclone,  between  the  center 
and  the  extreme  limit,  tbe  pressure  will  be  a  maximum,  and  J  £  =  0.  At 
this  distance,  v  =  0,  or  calms  mast  also  prevail.  Therefore  an  area  of 
high  pressure  mnst,  in  general,  be  attended  by  calms.  An  easy  compu- 
tation shows  that  for  tbe  same  gradients  the  wind-velocity  must  sensibly 
diminish  toward  tbe  center.  Uufortunately,  the  observations  at  band  do 
not  safflce  to  test  the  relation  between  observed  gradients  nnd  velocities. 

Tbe  empirical  law  of  Buys  Ballot  is,  says  Ferrel,  incladed  in  tbe  pre- 
ceding expression  for  dB.  This  expression  is,  however,  correct  for  all 
latitudes  and  inclinations  of  tbe  wind  to  the  center,  where  Buys  Ballot's 
law  no  longer  applies.  With  reference  to  the  force  or  velocity  ot  the 
wind,  we  perceive  by  a  simple  inspection  of  the  formula  that  the  velocity 
in  all  parts  of  a  cyclone,  for  tbe  same  constant  geographical  latitude,  ia 
not  alone  proportional  to  jiB,  and,  further,  that  in  different  latitudes 
tbe  value  of  v  for  the  same  gradient  is  nearly  inversely  proportional  to 
the  sine  of  the  latitude,  especially  at  a  considerable  distance  from  tbe 
center.  Hence,  also,  for  the  same  gradients  the  velocity  of  tbe  wind  is 
macb  greater  in  the  tropios  than  in  higher  latitudes.  We  may  add 
that  Toynbee  (see  this  journal,  vol.  ix,  p.  79,  and  vol.  x,  p.  63)  had 
also  previously  called  attention  to  this  fact,  and  Blauford  had  drawn 
the  same  conclusion  from  the  isobars  for  India.  The  form  in  which 
we  have  presented  Ferrel's  equation  further  shows  that  for  equal  wind- 
velocities  tbe  gradient  diminishes  also  with  tbe  temperature,  bat  to  a 
very  slight  degree.  The  same  result  is  furthermore  brought  abont  to 
a  very  considerable  extent  in  the  higher  regions  of  the  atmosphere  by  the 
diminishing  atmospheric  pressure,  indeed,  tbe  baiometrio  variations 
actually  do  diminish  with  tbe  altitude,  while  the  wind-velocities  do  not 

All  irregular  barometric  variations  depend  almost  entirely  apon 
cyclonic  action  and  are  in  general  caused  by  the  passage  of  a  cyclone 
ne;ir  the  place  of  observation ;  hence,  at  the  equator,  where  no  cyclone 
cau  be  formed,  the  irregular  barometric  variations  are  scarcely  sensi- 
ble. On  this  point,  Ferrel  quotes  the  same  evidence  from  8ykes  and 
Bnmboldt,  as  given  in  Herschers  Meteorology,  tba^  we  have  ourselves 
reprinted  on  page  12,  volume  x,  of  tbia  journal.  At  the  equator,  no 
cyclone  cau  arisej  and  therefore  in  storms  the  movement  of  tbe  air  at 
tbe  earth's  surface  is  directly  toward  the  center  of  the  area  of  dimin* 
ished  density  of  the  atmosphere,  and  the  inertia  of  the  air,  as  well  as  tbe 
friction,  both  overcome  by  the  force  that  results  £rom  an  almost  imper- 
ceptible gradient.  Hence,  Ferrel  also  considers  that  his  neglect  of  the 
inertia  in  the  deduction  of  his  formula  for  the  gradient  can  in  any  case 
only  give  rise  to  a  very  slight  error.  In  a  cyclone,  the  force  thatresulta 
from  tbe  gradient  isalmoat  entirely  held  in  equilibrium  by  tbe  centrifugal 
force  that  arises  in  consequence  of  the  rotatory  motion  and  the  earlb'^ 
diurnal  rotation,  and  so  great  is  tbe  niobilityof  the  air  and  so  slight  the 
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iDQuence  of  frictioD  tbat  only  a  very  small  part  of  that  force  (dae  to 
the  gradient)  is  applied  to  the  preBervation  of  the  movement  of  the  air 
between  the  inner  and  outer  portions  of  the  cyclone. 

If  the  friction  is  proportional  to  the  first  power  of  the  velocity,  (h^u 
it  resnits  from  the  equation  for  F',  tb^t  the  rotatory  movement  of  the 
cyclone,  and  consequently  the  value  of  v,  is  proportional  to  the  sine  of 
the  latitude,  whence  the  entire  difference  in  pressure  between  the  inner 
and  any  definite  exterior  portions  of  the  cyclones,  or  rj£,  must  be  pro- 
portional to  the  square  of  sin  p.  Therefore,  the  mean  monthly  range  of 
the  baroD^eter  must  increase  with  the  latitade,  and  nearly  in  the  ratio 
of  sin*  f>.  This  also  corresponds  very  well  with  observation.  If  we  put 
the  mean  monthly  ro  nge  at  the  poles  at  1,6'"'*  =  ^l"",  we  obtain  the  fol- 
lowiog  comparison  of  the  observed  values  (according  to  Loomis's  Mete- 
orology) and  the  computed  values : 

^  =  0°  30°  45°  660  780 
Computed  range  0=""  10""  20""'  33°"  35"" 
Observed  range  3        10        25        34       31 

A  more  complete  agreement  is  not  to  be  expected,  since  other  matters 
come  into  consideration  besides  the  infinence  of  latitude.  The  violence 
of  the  rotation  in  a  cyclone,  and  conseqaently  also  the  extent  of  the 
central  barometric  depression,  depends  to  a  very  large  extent  upon  the 
amount  of  aqneons  vapor  that  is  conveyed  into  the  cyclone,  and  this 
diminishes  from  the  equator  toward  the  poles.  On  tbe  other  hand,  the 
great  cyclones  that  advance  from  the  lower  to  the  higher  latitudes 
increase  steadily  in  diameter,  and  hence  tbe  amoant  of  depression  at 
the  center  and  the  amoant  of  tbe  barometric  oscillation  at  any  one  place 
are  always  greater  as  we  approach  the  Poles.  These  two  effects  mutually 
enfeeble  each  other  to  a  certain  extent.  In  the  slight  variation  of  3 
millimeters  at  the  equator  is  included  tbe  diurnal  period,  which  has 
exactly  this  amount.  In  fact,  after  eliminating  this  dinmal  period,  the 
irregular  variation  becomes  equal  to  zero,  corresponding  to  tbe  theory. 
We  have  here  a  complete  explanation,  which  has  hitherto  been  wanting, 
of  the  [irregular]  barometric  variations,  and  their  dependence  upon  geo- 
graphical latitude. 

These  are  tbe  most  important  consequences  in  reference  to  cyclones 
that  Ferrel  (Amer.  Jour.  Sci.,  Nov.,  1874),  in  his  above  mentioned 
memoir,  deduces  from  bis  formula  for  the  gradient.  lie,  however,  further 
applies  tbe  same  equation  to  explain  also  tbe  general  distribution  of 
atmospheric  pressure  under  different  latitudes  on  the  earth's  surface. 
Wherever  in  tbe  atmosphere,  from  any  cause  whatever,  a  rotatory  motion 
is  set  ap  over  a  large  portion  of  tbe  earth's  surface,  this  motion  furnishes 
3  value  of  u  and  of  v  in  tbe  expression  previously  given  for  ^B.  The 
term  tbat  depends  npon  u  is,  in  such  a  case,  very  small  in  comparison 
with  that  which  depends  upon  2  n  sin  ip,  and  can  be  neglected.  Equally 
can  i  be  put  =  0,  nnd  therefore,  also,  v  be  put  =  ru,    A  positive  v  cor- 
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respoDcIs  to  a  rotation  from  nght  to  left  in  the  northeni  hemisphere, 
bat  the  contrary  in  the  sonlhern  hemisphere.  In  our  hemisphere,  r, 
and  therefore  4B,  will  be  negative  for  a  motion  from  left  to  right;  that 
is*  to  say,  a  higher  pressure  prevails  in  the  center.  Ferrel  now  explains 
by  his  formala  the  diminution  of  atmospheric  preasore  toward  the 
poles,  in  that  be  treats  the  prevailiug  easterly  movement  of  the  air  oat- 
side  of  the  tropics  as  "polar  cyclones."  In  a  similar  manner  originates 
the  low  presaare  at  the  equator  and  the  high  pressure  in  the  neighbor- 
hood of  the  tropics  between  the  two  great  cyclonic  movements  of  tbe 
atmosphere. 

We  refer  those  of  oar  readers  who  are  further  Interested  in  this  part 
of  Ferrel'a  dedactions,  besides  the  memoir  just  reviewed,  especially  to 
tbe  memoir  in  the  number  for  January,  1801,  of  Sillimau's  American 
Journal,  2d  series,  vol.  sxxi,  entitled  "  The  Motions  of  Fluids  and  Solids 
Relative  to  the  Earth's  Surface."  We  find  thereiu  a  complete  theory 
of  a  new,  somewhat  complicated,  system  of  atmospheric  circulation.' 

From  this  latter,  earlier  memoir  of  Ferrel's,  we  will  here  quote  some 
additional  paragraphs  having  reference  to  storms,  because  they  present 
his  views  in  reference  to  the  origin  of  storms,  which  are  scarcely  to  be 
inferred  from  the  memoir  just  reviewed.  lathe  third  chapter,  "The 
Motions  of  the  Atmosphere  arising  from  Local  Distarbances,"  are  found 
the  following  remarks: 

Excess  of  beat  or  increased  amount  of  aqueous  vapor  is  tbe  first 
cause  of  the  ascent  of  air  and  the  influx  irom  all  sides.  The  infiowing 
air  ascends,  condenses  its  aqueous  vapor,  whereby  its  ascensional  power 
is  farther  increased,  and  from  this  cause  the  disturbance  can  continue 
for  some  time.  For  reasons  previously  given,  this  process  can,  in  tbe 
equatorial  regions,  give  rise  at  the  most  to  tornadoes  only,  and  in  fiict 
Iteid's  charts  show  no  cyclone  traced  back  to  10°  latitude,  no  typhoon 
traced  beyond  9°.  The  greater  expansion  of  the  air  In  consequence  of 
higher  temperature  and  greater  qnautity  of  vapor  must  without  doubt 
exert  an  iufiuence  upon  the  barometric  pressure.  Kotwithstanding  this 
that  theory  is  untenable  which  ascribes  all  barometric  variations  to  tbe 
condensation  of  cyclonic  vapor,  for  according  to  it  the  variations  of 
atmospheric  pressure  would  be  greatest  at  the  equator,  l^e  atmosphere 
is  exceedingly  mobile.  Every  disturbance  of  eqailibriam  will  be  quickly 
restored  by  an  iuflow  of  air,  provided  no  whirl  arises.  If,  therefore,  tbe 
earth  bad  no  rotation  about  an  axis,  then  would  tbe  uon -periodical 

*  Oar  autlior  lias  apparantly  not  bad  access  to  tbe  more  important  ftod  earlier  memoir 
of  Ferrel  "On  tbe  Motions  of  Flaids  and  Solida,  Slc,"  in  "Bnnkle'H  Mathematical 
Monthly,"  volumes  i,  ii,  and  iJl;  Cambridge  and  New  York;  1857  to  1859.  ThMC 
TOlomce,  altbongh  rare  in  Enropo,  ore,  however,  still  easily  obtained  by  Americia 
stDdents  from  Serer  &  Francis,  of  Cambridge,  Mass.,  and  abonld  be  conanlted.  CopiM 
of  a  sabseqaent  separate  reprint  of  this  fundamental  memoir  were  publisbed  by  Fcntl 
in  I860.  The  memoin  referred  to  by  IlaDn  in  Siliiman's  Journal  are  to  be  oonaidavd 
as  elementary  expoailioos  of  the  rigorous  eqnaticne  published  in  tbe  Hathcmaticsl 
Monthly.— Note  adheu  by  tiik  Thaxshtok. 
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baroraetric  Tariatioua  aowbere  be  greater  than  they  at  present  are  at 
the  eqoator. 

When  the  distarbance  of  eqailibriam  is  large,  bnt  only  extends  over 
a  small  area,  then  ia  the  centrifagal  force  greater  than  in  the  case  of 
extended  cyclones.  The  rotations  are  then  very  rapid  and  close  to  the 
center,  as  in  tornadoes.  These  occnr  at  times  of  great  heat  and  calms, 
vhereby  the  eqailibriam  in  vertical  direction  is  distarbed.  The  lower 
strata  rise  upward,  a  rapid  iudow  takes  place  from  all  sides;  and  when 
the  som  of  all  the  initial  moments  of  rotation  is  not  equal  to  zero,  which 
will  seldom  be  the  case,  then  mnst  the  mass  of  air  near  the  center  exe- 
CQte  rapid  rotations,  and  a  tornado  is  the  result  We  can  well  represent 
this  by  the  flow  of  water  ont  of  a  basin  through  a  hole  In  the  bottom. 
When,  at  the  begiooing  of  the  motion,  the  flaid  is  in  perfect  rest,  the 
efflnx  takes  place  without  rotation ;  bat  when  the  slightest  initial  rota- 
tion ia  present,  then  the  outflow  is  accompanied  by  rapid  rotations. 

In  tornadoes,  which  are  always  of  small  dimensions,  the  iuflnence  of 
the  earth's  rotation  upon  the  prodnction  of  rotation  ia  very  slight  in 
comparison  with  the  iuflnence  of  the  initial  condition  of  the  atmosphere. 
Therefore  the  direction  of  the  rotatory  movement  in  a  tornado  is  some- 
times from  right  to  lef^,  sometimes  the  reverse.  Therefore  at  the  equa- 
tor tornadoes  can  occnr,  but  no  great  cyclones.  In  these  latter,  the  initial 
condition  of  the  atmosphere  is  of  little  consequence  in  comparison  to 
tbe  inflaence  of  the  earth's  rotation,  and  this  latter  is  constant,  while 
the  former  is  easily  nullifled  by  resistances.  Therefore  the  great  cyclones 
have  a  long  existence,  while  tbe  tornadoes,  depending  principally  on  the 
initial  intensity  of  their  rotation,  are  soon  brought  to  rest  by  tbe  resist- 
ances. 

In  consequence  of  the  great  centrifugal  force  near  the  center  of  a  tor- 
nado, caused  by  the  rapid  rotation,  almost  a  vacuum  must  exist  there. 
When,  therefore,  a  tornado  passes  over  a  building,  the  exterior  preeanre 
is  snddenly  removed,  and  tbe  air  witbiu  presses  with  nearly  10,333  kilo- 
grams per  square  meter ;  hence  is  produced  a  destruction  as  if  by  an 
explosion. 

Tbe  progressive  motion  of  cyclones  can  be  explained  by  the  inequality 
of  the  centrif\igal  foroes  on  the  polar  and  equatorial  sides  of  a  cycloue. 
Tbe  term  of  tbe  gradient  depending  on  2  n  sin  <f  is  greater  ou  the 
polar  than  on  the  equatorial  side,  while  the  other  moments  remain  tbe 
same.  Tbe  cyclone,  therefore,  moves  toward  the  direction  of  the  greater 
dimiuutiou  of  pressure  or  toward  higher  latitudes  It  is  therefore  not 
necessary  to  asaame  that  a  real  transfer  takes  place  from  the  equator  to 
the  pole  of  the  mass  of  air  that  forma  the  cyclone.  The  deviating  force 
and  the  motions  are  greater  on  the  polar  side  of  tbe  cyclone,  and  on  thia 
side  new  portions  of  the  atmosphere  are  continually  drawn  into  the 
movement,  since  on  thia  side  n  sin  <f  is  increasing  steadily,  while  on  tho 
equatorial  side  the  motion  ceases  by  reason  of  the  frictionol  resistance 
and  the  inertia  of  the  air.  Thus  the  center  of  tbe  cyclone  is  continually 
being  formed  anew  during  the  progress  toward  higher  latitudes. 
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At  Ibe  same  time,  the  cyclones  in  the  region  of  the  trade  windtj  follow 
tbe  genera!  movemeot  of  the  atmosphere  in  these  latitades  ftom  east  to 
west,  and  similarly  in  the  extropical  region  they  move  from  west  to  east. 
From  tbe  resultants  of  tbe  two  constant  forces,  the  polar  tendency  of  the 
cyclones  and  tbe  influence  of  tbe  prevailing  movement  of  the  atmos- 
phere, there  result  tbe  parabolic  paths  of  the  cyclones  or  their  recarving 
when  they  pass  from  the  trade  winds  into  the  region  of  tbe  west  winds. 

Thus  far  Febbel. 

The  iufluettce  that  a  prevaiUng  general  current  of  air  exerts  npon  the 
progress  of  a  whirlwind  that  has  entered  into  it  evidently  consists  in 
this,  tbat  the  masses  of  air  drawn  iuto  the  whirlwind  hare  to  follow  two 
impulses :  one,  that  which  is  dne  to  tbe  whirl ;  and  tbe  other,  tbat  which 
is  due  to  their  original  movements.  Therefore,  in  tbe  region  of  trade 
winds  and  on  the  northwest  side  of  a  whirl,  tbe  motions  are  most  accel- 
erated, but  on  the  opposite  side  are  most  retarded,  and  thereby  tbe 
whirl  must  receive  a  tendency  to  progress  toward  the  northwest,  t 
believe  tbat  in  its  principal  feature  this  agrees  also  with  Loxuel's 
theory  of  the  recarving  of  the  paths  of  cyclones  on  tbeir  leaving  the 
trade-wind  region  (see  this  journal,  vol.  ix,  p.  270).  Tbe  expression, 
"  Staaung  der  Luft "  stowing  atcay  or  damming  vp  or  banking  vp  of  tbe 
atmosphere,  seems  to  me  also  not  well  chosen.  I  say  also,  for  one  of 
the  ntost  competent  authorities  in  the  study  of  the  theory  of  storms 
writes  mc  in  reference  to  Lommel'a  views  aa  follows:  "I  cannot  nnder- 
stand  this  theory.  Tbe  northeast  trade  does  not  blow  when  tbe  cyclone 
wind  prevails.  Therefore  they  cannot  bank  each  otlier  np.  It  wonid, 
however,  be  iuteresting  to  know  whether  the  tropical  cyclones  have  not 
always  a  ibasimiim  of  temperature  or  aqueous  vapor  on  tbeir  right- 
hand  or  northeast  side.  This  is  an  anomaly  in  the  distribotion  of  these 
elements  in  the  tropical  regions,  but  tbe  cyclones,  also,  are  infreqnent 
phenomena." 

It  would  certainly  be  of  tbe  highest  interest  to  know  the  distribution 
of  temperature  in  tbe  trade-wiud  region  durlnga  cyclone,  for  this  would 
afford  an  important  test  of  our  storm  theories.  I  believe,  however,  that 
the  author  of  tbe  preceding  quotation  will  find  fewer  difScnIties  in  my 
presentation  of  tbe  iu&uenco  of  a  general  atmospheric  current  upon  a 
cyclone  entering  therein.  I  do  not  tbink  that  everything  is  explained 
by  this  and  by  Febbel's  "  polar  tendency,"  bat  certainly  both  views 
ought  to  bo  takeu  into  cousideratioo. 

[Note  bv  the  TiiANSI.ATOn.— HaviiiK,  in  18GS-'C6,  badoccuBiDii  to  peiaonollf  esplaia 
ibe  views  of  Mr.  Ferrel  to  several  aBtrouomerB  and  metaoTologiats  in  Earope,  and  bav- 
iag,  ia  1669-70,  doliTered  popnlar  eipoaitioDB  of  tbe  aame  subject  in  connection  with 
tbe  publication  of  tba  Daily  Weatber  BaLetin  and  ForecMts  of  tbe  Cincinnati  Obser- 
vatory,  tbe  autboi  was  pecoliarl;  gratified  to  be  able  to  present  tbese  views  to  a  atill 
larger  circle  by  tbe  pnblication,  in  May,  1871,  of  big  notes  on  tba  nse  of  tbe  tri-dailj 
weatber  mnpeof  tbe  Signal  Service,  and  wonld  refer  American  etndents  to  tbe  "  Montbly 
Weatber  Beviewa  "  and  otber  pnblioatioDS  of  tbat  office  for  inDnmerable  illnitratiooa  of 
tbe  application  of  Ferrel'a  tbooiy.  See  also  tbe  recent  pabticationa  of  Looniie  and  Fer- 
rel.—C.  A.1 
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REPLY  BY  ME.  FEEEEL  TO  THE  CEITICISMS  OF  ME.  HANN. 
IZtM.  Oeat  Met.  QeBelL,  x,  p.  254,  Aagiut,  1875.] 

In  the  presentation  of  Feirel's  fortoala  (vol.  x,  ^os.  6  nud  7)  we  have 
made  certaiD  objections  to  bis  metbod  of  iotiodncing  the  friction  tberein, 
to  wfaicli  Mr,  Ferrel  replies  tram  Wasbington  as  follows,  in  a  letter  of 
tbe  27th  April: 

"The  resistance  of  the  earth's  snrface  to  the  rotatory  movement  of 
a  cyclone  can  only  be  overcome  by  tbe  force  that  according  to  the  prin- 
ciple of  the  conservation  of  areas  reanlts  as  soon  as  tbe  air  is  constantly 
drawn  by  a  centripetal  force  toward  a  center.  If  at  a  distance  of  400 
miles  from  tbe  center  of  a  cyclone  tbe  air  baa  no  rotatory  movement 
relative  to  the  earth's  snrface,  nevertheless,  it  still  has  a  rotatory  move- 
ment aboat  tbe  center  of  tbe  cyclone  in  cooseqaence  of  the  earth's  rota- 
tion, tbe  expression  for  which  is  rn  sin  f ;  or,  at  the  parallel  of  45°,  a 
linear  velocity  of  abont  74  miles  per  boar.  Were  there  no  friction,  then 
would  the  air  when  it  arrives  at  a  distance  of  100  miles  from  the  cen- 
ter have  a  rotatory  movement  of  4  x  74  =  296  miles  j  and  if  we  now 
subtract  the  rotatory  motion  in  this  distance  dne  to  the  earth's  rotation, 
that  is  to  say,  15.8  miles,  we  obtain  277.6  miles  for  tbe  velocity  of  rota- 
tion relative  to  tbe  earth's  snrface,  and  perpendicular  to  the  radios. 
The  force  which  overcomes  the  inertia  and  produces  this  motion  is  ex- 
pressed by 

4" =!«»"■ 

Xow,  in  tbe  case  of  friction,  we  have,  instead  of  a  rotatory  movement  of 
277.9,  one,  say,  of  40  miles ;  so  that  in  this  case  over  f  of  this  force  is  lost 
Id  overcoming  the  Iriction,  and  this  gives  an  approximate  measure  of 
the  amount  of  the  friotional  resistances. 

'•The  inertia,  like  tbe  friction,  opposes  the  force  due  to  the  centripetal 
movement ;  therefore,  its  expression  is 

and  we  thns  obtain  the  expression  for  f*  as  it  is  given  at  the  bottom  of 
p.  09,  vol.  z.*  It  mnst  certainly  be  considered,  however,  that  this  is  only 
an  approximate  presentation  of  the  frictional  resistance,  including  the  in- 
ertia of  thefluid,in  case  there  oconrchanges  in  its  velocity  j  bnt  this  latter 
is  in  general  only  a  very  small  part  of  the  total  resistance  to  movement. 
"As  the  two  components  of  tbe  friction  in  the  direction  of  tbe  tangent 
and  of  the  radins,  we  now  have 

'"  di 

and  this  gives  F,  as  at  the  bottom  of  p.  99,  vol.  z,*  as  an  appro^mate 
expression  for  the  effect  of  friction  in  the  direction  of  radins.    In  order 
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that  these  componeDts  may  be  overcome,  tbere  is  Deeessitated  en  in- 
crease in  the  gradient,  and  therefore,  JB  increases.  Sabstitating  the 
ezpressioQ  for  F,  gives  the  definitive  formnia  for  JB  as  it  is  presented 
on  p.  100,  vol.  z,  and  which  therefore  mnst  be  nearly  correct,  since  the 
whole  effect  of  the  friction  upon  the  ratio  between  gradient  and  velocity 
is,  in  general,  not  very  large,  and  therefore  a  part  of  it  can  have  only  a 
very  i^ight  influence. 

"  In  the  case  of  spiral  movement,  JB  diminishes  in  the  ratio  of  anity  to 
cos  i;  bat  since  the  expression  for  F,  as  we  have  deduced  it,  iDcreaaes 
in  the  ratio  of  cos'  i  to  anity,  therefore  JB  will,  in  conseqaence  of  the 
friction,  increase  more  than  it  diminishes,  and  therefore  cos  t  appears 
in  the  denominator  of  equation  11. 

"  JB  will  only  be  independent  of  i  in  case  that  we  can  show  that  the 
true  valae  of  ^  is  a  fanction  sach  that,  being  snbstitnted  in  eqoatioD  H, 
it  canses  JB  to  increase  precisely  in  the  same  ratio  in  which  cos  i 
diminishes. 

"The  formulacannotberigidly  tested  by  comparison  with  special  cases. 
For  the  determination  of  the  gradient  we  can  only  ase  observations  at 
distant  places,  which  do  not  ^low  the  consideration  of  the  ioflneDce  of 
namerons  local  disturbances  of  slight  extent.  However,  I  qaote  here 
certain  relations  between  tbe  gradients  and  wind  velocities  from  Pro- 
fessor Loomis,  in  American  Journal  of  Science,  Jonnuy,  1875.  Bach  of 
these  numbers  represents  tbe  mean  of  a  considerable  number  of  obser- 
vations. The  velocity  of  the  wind  is  given  in  English  miles  per  hoar; 
the  gradient  in  English  inches  of  the  barometer  per  100  miles  of  dis- 
tance: 
Wind- velocity  observed  ....         10        15        20        25        30        35 

Gradient  observed 0S6      .096      .105      .105      .121      .162 

Gradient  compated .043      .067      .092      .118      .116      .176 

"  The  mean  inclination  of  the  wind -direction  to  t^e  radios  Is  assnmed 
at  45°,  the  mean  distance  from  the  cent«r  of  the  cyclone  at  350  miles,  and 
the  mean  geognipbical  latitade  at  45°.  We  see  that  tbe  observed 
gradients,  in  a  slightly  regular  manner,  increase  with  tbe  velocity  of  the 
wind,  becanse  tbe  influence  of  abnormal  distarbances  and  of  other 
canses  are  not  completely  elimiaated.  We  farther  see  that  for  a  velo- 
city of  22  miles  the  theory  agrees  with  observation.  For  lower  velocities 
the  theoretical  gradient  is  too  small ;  for  larger  velocities  it  is  too  large. 
But  in  the  compntAtion  we  have  assnmed  that  t  is  constant  for  all  velo- 
cities. If  we  assume  that  for  velocities  between  10  and  35  miles  tbe 
value  of  I  is  respectively  60°  and  35°,  then  the  computed  asd  observed 
valnes  agree  within  the  limit  of  the  probable  errors  of  tbe  latter.  This, 
however,  gives  a  mean  value  of  %  that  is  greater  than  46°.  The  theory 
cannot  bo  rigidly  tested  until,  by  means  of  ot>8ervations,  the  connection 
between  the  wind-velocity  and  the  angle  i  is  established.  If  we  pat 
cofl  1  =  1,  and  thus  make  the  gradient  JB  independent  of  the  angle  i, 
theu  will  all  computed  values  of  the  gradients  be  too  smaU." 
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SOME  REMARKS  CONCERNING  THE  NATURE  OF  CURRENTS 
OF  AIR. 

By  a.  CoLDiNa. 

[TnntlMed  by  CleTelanil  Abbe  ud  E.  L.  ThmsM,  Ihna  the  Omniet  over  det  E.  Duiks  TIden* 
ikabernes  3c]*kaba  ....  A>c«t  IBIl,  page  89,  irlib  oochIoiibI  nfenous  to  Hvm  in  Zellidhrilt  Oeat. 
Uet.  0«..  ToL  I.] 

These  remarks  are  based  mainly  npoa  tbe  results  of  certnia  investi- 
gations into  the  moretnent  of  water  in  currents  *  which  I  had  tbe  honor 

•  [Note  by  the  Transi^tob,  Fbbbuary,  ItJ78^-The  article  Ct  of  the  pteient  col- 
lection gives  BOme  idea  of  the  reaalta  of  Ferrel'a  djnamicol  ttieocy  of  the  winde  and 
CDireDts  on  a  rotating  globe,  but  oa  tbe  wiitinge  of  Colding,  PesliD,  and  otbere  bave 
coneldenible  merit  as  being  the  beat  tbat  con  be  done  irith  the  parely  kineniatio  tbeory, 
the  tnualator  takea  pleaante  in  also  preaenting  their  memoiiB  to  American  atndeiita, 
and  as  a  correotive  to  Ibeae  woold  refer  to  Mr.  Ferrel'a  oriticisms  in  "  Nature  "  for  IBtl 
and  1872,  as  well  aa  hla  memoiia  of  1850, 1859,  and  1877. 

The  general  problem  of  moTement  on  the  earth's  snitacewoa  treated  of  in  an  imper- 
fect way  b;  numerona  anthora  from  Hodle^  and  Newton  to  Ls.place  and  Poisson.  Tbe 
latter  in  1837,  in  his  memoir  on  the  movements  of  projectiles,  among  other  things, 
mentioned  the  deviation  of  tbe  projectile  to  the  right  produced  bj  the  rotation  of  'Uie 
earth,  bnt  appears  to  have  overlooked  its  importance  aa  a  dynamic  law  and  to  have 
derived  it  from  geometrical  or  kinetic  prlnciplea. 

In  1B3S,  Profee^or  Johnson  pnbliabed,  in  the  American  Jonrnal  of  Science,  a  memoir 
Qpon  bia  rotascope.  In  1851 ,  Foncanlt  presented  to  the  Academy  of  Sciencea  of  Paria 
bis  famona  pendnlam  experiments,  and  aabaeqaently  bia  gyroacope.  Both  theae  aaChon 
expl^ned  tbe  phenomena  iu  qnestion  on  pnrely  kinetic  principles,  or  on  the  presomed 
law  that  a  rotating  body  tends  Ui  preserve  Ita  axis  of  rotation.  Herenpon  followed  a 
long  diacQMion  in  tbe  Paris  Academy  (fnlly  reported  In  the  Comptea  Rendns,  tome 
Tsiii-li,  1851-1660),  in  which  many  eminent  men  took  part.  Poioaot  and  others  wonld 
explain  tbe  phenomena  by  the  purely  geometrical  lawaof  tbe  composition  of  rotatlona; 
bnt  tbe  dynamlca  of  the  problem  weio  exposed  by  Bimet,  0.  K.,  1851,  xizii,  pp.  157  and 
1!)7 ;  by  Babinet,  C.  B.,  1859,  xlix,  pp.  638,  666,  and  769 ;  Delannay,  C.  B.,  1859,  xli,  p. 
68S ;  and  Poncelet,  C.  B.,  1860,  li,  pp.  467  and  511. 

Heanwhila  the  gyrosoope  also  was  exciting  renewed  attention  in  tbe  United  States, 
and  an  original  and  satisfactory  investigation  of  ita  phenomena  (the  first  that  I  know 
of  based  on  correct  general  dynamical  prtaciples)  was  pnbllsbed  by  Ferrel  in  1656  in 
tbe  "Nashville  Jonmal  of  Medicine  and  Snrgery,"  vol.  xi  (see  also  in  "Gould's  Astron. 
Joor."  and  in  "  BnnUe's  Math.  Motitbly  ").  Of  other  investigations  I  note  only  one 
(kinetio  and  not  dynamic),  by  General  J.  G.  Barnard,  in  Am.  Jonr.  Scl.  (aoveral  papers 
from  18^'i  to  1859),  see  also  bis  "  Problems  of  Rotary  Motion  "  in  the  Smithsonian  Con- 
tribntions,  xlx,  and  bia  article  "Gyroacope"  (where  fundamental  principles  are  Intro- 
dnoed)  in  Johnson's  Cyclopiedia,  N.  Y.,  1877;  also,  Snell  on  the  "Botaacope"  in  Aim. 
Sep.  Secretary  of  the  Smithsonian  luat.,  1855. 

Mr.  Feiral'a  paper  on  the  gyroscope  was  immediately  preceded  by  bia  first  essay 
(1856)  OD  the  winds  and  oceanic  corrents,  an  elementary  paper  pnblished  in  tbe  same 
volomeof  the  NoabviUe  Jonmal.  His  more  elaborate  mathematical  memoir  was  Bn- 
iahed  in  1B58,  and  pabliabed  during  1859  and  1660,  m  "TheMotiona  of  Ruida  and  Solids 
Balotive  to  tbe  Earth's  Surface,"  in  the  Mathematical  Monthly ;  separate  copies,  with 
a  few  additional  words,  were  atiuck  off  in  1860.  This  memoii  of  73  pogea  has  been 
fnrther  elaborated  into  "  Meteorological  Bcsearchea,  Part  I,"  pnblished  by  tbe  United 
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to  lay  before  tbe  society  in  tlie  year  1869,  and  wbich  may  dow  be  foQDd 
among  tbe  memoirs  pablisbed  by  tbe  DaniBfa  Society,  5tb  series,  vol.  9, 
part  III.  In  tbat  dissertation  I  sbovedtbat  ifacnrreutof  watermoTct 
on  a  cylindrical  sarface  peri>eudicalar  to  its  rectiliaear  elements,  tbe 
cnnent  of  water  baving  the  (leptb  H,  and  tbe  surface  of  tbe  CDnent 
moving  witb  the  velocity  V,  tben  tbe  velocity  of  tbe  current  at  tbe 
deptb  X,  beneath  the  Arce  surfoce  of  the  water,  may  be  represented  by 

(1) 

when  the  resiBtauce  to  the  motion  of  tbe  water  is  of  the  same  maguitade 
as  that  which  would  be  offered  by  an  nnderlying  mass  of  water  to  tbe 
current  runntDg  above. 

In  the  present  case,  wo  will  assume  the  cylindrical  sarface  in  qnes- 
tion  to  be  a  vertical  surface  of  revolution,  A  X  Y  B,  Fig.  1,  within  which 


f(i- 0.433  (;^)^) 


FIG.  I. 


the  current  of  water  moves  in  the 
direction  indicated  by  the  arrows. 
I«t  C  Z  be  the  axis  of  the  cylin-  A 
der,  and  aoi  bib  be  the &ee sur- 
face of  the  current,  which  is  at 
the  distauce  aZ=aiO  =  a from 
tbe  axis,  aud  at  the  distance 
Aa  =Xai  =  H  from  the  exte- 
rior surface  A  X  T  B,  uijon  which 
the  curroDt  rotates.  If  it  is  now 
assumed  that  the  free  surface 
aaib,h  rotates  with  tbe  velocity  x 
V  abont  the  axis  C  Z,  then  any 
element  of  the  current  which  is  at  the  distance  m  Z  =  m,  C  =  f  from 
the  axis,  and  at  tbe  distance  ma  =  mia,=x  from  tbe  free  surface  of  the 
current,  as  I  have  previously  shown,  will  more  with  the  velocity  v,  as 
determined  by  formula  (1),  when  the  rotating  current  is  sorronnded  by 
an  exterior  mass  of  water  which  resists  the  rotation.  It  can  then  be 
further  shown  that  within  this  rotating  volnmc  of  water  there  is  a  fannel- 
shaped  surface  a  Oi  fr,  ?,  bounded  within  by  tbe  inner  cylindrical  Buriace 
a  fl,  t,  b,  and  without  by  the  outer  cylindrical  surface  A  X  T  B,  in  which 
the  pressure  at  all  points  is  equal ;  but,  beside  this  level  surface,  there 
is  an  endless  number  of  other  level  surfaces  in  the  fluid,  both  above  and 
below  the  surface  a  a,  b,  p.    All  these  surfaces  are,  meantime,  so  situ- 

States  Coast  Sarvey,  1B77.  ForoiberpapeniDtitbiaeDbjectb;  theMmeiuitborBeeAn. 
Jonr.  Sci.,  1861, 1874 ;  Nstore,  1871,  iv,  p.  886 ;  1872,  v,  p.  384;  1878,  ■<.%  p.  432.  01 
additional  receat  literature  relating  to  molious  npon  tbe  eartb  we  wlU  onlf  neDtion 
Hansen,  Theorie  der  Pendelboweguag,  1856 ;  E.  Tbomaon,  Eop.  B.  A.  A.  8.,  1807 ;  P- 
Vaugbsn,  Rep,  B.  A.  A,  8.,  1859 ;  Everett,  L,  D.  E.  Phil.  Mag.,  1871  f  also  tn  fail  trans- 
lation of  DeBcbanel'e  Philoeopby;  Coldiog,  Daneke  Vid.  Skab.,  1863,1871;  Satow, 
1«71,  V,  pp.  71,  91,  and  112 ;  Schmidt,  Vienna  Mitt.  Oeog.  Oesell.,  1877;  Finger,  Vienni 
MoDatBhefte,  1877 ;  Onldberg  and  Moliu,  CtndM  anr  le«  MODvemeDB  do  TAUnMpbtre, 
Christiania,  1876 ;  Zeit.  Oest.  Met.  Gesell.,  1876,  1877.  ,  -  , 
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ated  that,  b;  moving  from  tlie  level  sarface  a  at  &i  /9  opward  parallel  with 
the  azisof  rotation  CZ,  ve  iutersect  the  entire  series  of  level  snrfaces 
wbicb  18  formed  in  tlie  rotating  volume.  For  each  of  these  level  sar- 
faces,  the  pressure  upon  a  nnit  of  surface  is  constant ;  but  when  we  go 
from  one  level  surface  to  the  next,  the  pressore  dimJDishes  as  we  go 
upward,  while  it  increases  as  we  go  downward  toward  the  ground 
plane  XY. 

Id  order  to  prove  the  correctness  of  this  statement,  we  will  consider 
an  element  of  the  rotating  fluid,  which  is  at  the  distance  r  from  the 
asis  of  rotation,  and  which  moves  with  a  velocity  of  v.  If  we  consider 
the  direction  G  Z  as  positive,  we  shall,  as  is  well  fcnown,  bave,  since  ^ 
indicates  the  pressure  upon  annitof  surface  for  the  element  in  ques- 
tion, 

where  p  indicates  the  deDsity  of  the  fiaid  and  g  the  force  of  gravity.  For 
each  of  the  level  surfaces  of  the  fluid,  the  pressure  p  is  constant,  and 
dp  =  0,  therefore 

gdz=:^dr,         or        $=—  (2) 

"  r      '  dr      g.r  ' 

independently  of  the  density  p.  From  this  equation,  together  witb 
equation  (1),  are  dednced,  directly,  the  above-stated  propositions  con* 
cerning  the  level  surfaces  of  th»  rotating  volume  of  water.  If  the 
expression  for  the  current's  velocity  v,  as  given  by  equation  (1),  is  flub- 
stitnted  in  equatiou  (2),  and  tbfa  equation  is  then  integrated  by  making 
r  =  a  -f  f ,  and,  for  the  sake  of  brevity, 

I  =  ri_0.1S8(^'yinat  log^l-f  ?") 

-1.732  («/,^.7£+„..„J(3i-|) 

+  o.oe2.|.[(«)--3j^  +  3(0], 

we  obtain 

z  =  z^  +  ^  .X,  (3) 

in  wbicb  tbe  arbitrary  constant  ^g  represents  the  value  of  z  for  x  =  0, 
so  tbat  formula  (3)  is  tbe  equation  for  any  plane  surface  in  tbe  rotating 
fluid." 

If  wo  now  consider  formula  (1),  wbicb  is  applicable  to  water,  together 
with  fbrmnia  (3),  wbicb  fs  based  upon  the  same,  while  formula  (2)  is  of 
geoeral  application,  we  shall  see  that  in  a  rotating  volume  of  water  the 
velocity  of  tbe  rotation  increases  from  tbe  exterior  surface  of  sncb  vol- 

*  NoTB  DY  TtiE  TBANHLATOR.~~Tbe  above  formnliD  neglect  tbe  iollueDce  of  tbe  rota- 
tion of  Ibe  eartb,  and  are  tberefore  applicable  strioM;  ooly  to  toniadou  and  amall 
Cfclonos,  or  to  c;clonea  witbin  tbo  tropics, — C.  A. 
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nme  toward  the  center,  but  ceases  jast  at  tbe  inner  cjrliDtlrical  suifuce 
(since  tlio  velocity  becomes  imaginar;)  foe  all  values  of  r  <a,  to  wliicb, 
also,  according  to  (3),  correspond  ouly  imaginary  level  surfaces.  Bj 
passing  crosswise  ttirougli  such  a  rotating  volume,  one  tlierefore  meets, 
as  is  easily  seen,  nitli  conditions  wbicb  barmonize  vitb  wbat  is  kuova 
concerning  hurricanes  in  the  tropics,  since  the  velocity  of  rotation  in 
tbe  bnrricane  increases  from  the  exterior  invard  toward  the  axis  up  to 
a  certain  distance  a  from  tbe  same,  where  the  hurricane  reaches  its 
greatest  violence,  but  beyond  wbicb  even  tbe  most  violent  hnnicaDe 
is  thereafter  suddenly  succeeded  by  an  absolute  calm,  which  contiones 
until  oue  has  passed  to  an  equally  great  distance  a  beyond  the  axis.  At 
the  instant  when  that  distance  is  passed,  the  bnrricane  recommences 
with  the  same  violence  as  at  the  moment  preceding  its  cessation,  bat 
from  the  opposite  quarter,  and  from  this  time  forth  the  force  of  the 
hurricane  decreases  in  the  same  ratio  as  it  had  previonsly  increased. 
But  in  another  respect  also  a  remarkable  agreement  is  fonnd  between 
the  rotating  volumes  of  water  under  consideration  and  tbe  rotating  vol- 
ume of  air  in  a  hurricane.  It  appears,  namely,  from  formula  (3)  that 
since  the  pressure  upon  a  unit  of  surface  of  each  level  surface  is  equal 
at  al!  its  points,  and  the  pressure  upon  every  point  of  the  surface  ai  ui  h,  A 
for  which  z«  =  0,  is  equal  to  tho  pressure  at  ai  bi  in  tbe  ground  plane  XY, 
therefore  tbe  pressure  most  increase  as  we  move  over  tbe  ground  plane 
XY  from  the  snrfoce  Oi  &]  toward  tbe  exterior  surface  XY  of  the  rotating 
volume.  If  we  are  at  tbe  arbitrary  distance  C  nt]  =  r  from  the  axis  CZ, 
we  have  above  us,  beside  the  pressure  at  the  point  Oi,  tbe  pressure  of  a 
column  of  water  of  tbe  height  niiO  =  z,  and  it  is  therefore  evident  that 
the  excess  of  pressure  at  tbe  distance  r  =  a-\-x  from  the  axis  above 
tbe  presBore  in  tbe  calm  space  in  tbe  center  of  tbe  rotating  volume  is 
expressed  by  tbe  weight  of  a  column  of  water  of  the  height  z,  as  deter 
mined  by  formula  (3). 

As  now  it  is  known,  from  tbe  observations  which  have  been  made  dar- 
ing tbe  prevalence  of  hurricanes,  that  conditions  are  met  with  in  these 
rotating  masses  of  air  wbicb  correspond  exactly  to  those  wbicb  I  have 
pointed  out  in  rotating  masses  of  water,  and  as,  moreover,  I  have  shown 
in  a  former  paper,  which  will  be  found  at  page  1  of  the  Selshabets 
Oversigter  for  Aaret  1865,  that  the  laws  of  the  movements  of  aeriform 
bodies  may  be  eaid,  witbiu  tbe  limit  of  accuracy  with  wbicb  the  ezpeii- 
ments  on  the  movements  of  fluids  have  hitherto  been  made,  to  be  identi- 
cal with  tbe  laws  which  govern  the  movements  of  liquids,  if  only  the 
diminution  of  pressure  that  occurs  is  represented  by  a  column  of  the 
fluid  under  consideration ; — I,  therefore,  believe  that  there  is  ground  for 
tbe  assumption  that  formula  (1)  will  hold  good  not  only  for  water,  bat 
also  for  tbe  movement  of  gases  when  the  rotating  mass  is  snrrounded 
by  an  exterior  mass  of  air  which  resists  its  rotation.  Experience  most 
decide  whether  I  am  right  or  not  in  basing  my  theory  upon  this  hypothe- 
sis.   For  the  purpose  of  examining  at  once  how  far  this  theory  of  atmos- 
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pUeric  wbirlwinda  bannoDizes  with  natare,  I  will  compare  its  results  witli 
the  pheDomena  tbat  were  obaerved  at  St.  ThomaB,  Augnat  2, 1S37,  when 
the  so-called  Antigna  hurricane,  which  is  described  hy  Professor  Dove 
in  PoggeudoiiTs  Aonaleii  der  Fhysik,  vol.  52,  passed  over  the  island, 
caosing  Tearfal  bavoo  botli  there  and  od  the  island  of  Forto  Bico,  which 
is  sitaated  at  a  distance  of  20  Danish  miles*  from  St.  Thomas. 

The  phenomena  observed  as  prevailing  during  the  hnrricatie  were, 
according  to  Professor  Dove,  as  follows: 
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In  view  of  the  above  data,  we  may  consider  that  the  bnrricane  raged 
from  the  northwest  nntil  the  calm  space  reached  the  island,  and  that  it 
again  suddenly  barst  forth  from  the  soatheast  after  its  center  bad  passed 
St.  Thomas.  The  progressive  movement  of  the  hurricane,  which,  from 
general  experience,  we  may  consider  as  having  been  uniform  daring  the 
time  of  its  passage  over  the  island,  may  therefore  be  assumed  to  have 
been  in  a  west-southwesterly  direction  toward  Porto  Eico.  If  we  now 
observe  that  in  such  a  rotating  mass  the  pressure  of  the  air  must  be 
considered  as  eqnal  at  all  points  tbat  are  equidistant  from  the  axis  of 


*  The  Daniob  mile  ia  eqoal  to  aboat  H  Eoglish  miles. 
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station,  and  if  we  next  observe  that  at  tbe  time  vbeo  tbe  center  of 
the  harricaoe  passed  over  St.  Thomas,  at  about  S  o'clock,  tbe  pressure 
of  the  air  there  was  316  lines,  while  at  Porto  Bico  it  was  333.3  linefi,  we 
shall  see  that,  at  a  distance  of  20  (Danish)  miles  from  the  axis  of  the 
linrricane,  the  pressure  of  the  air  was  17.3  lines  greater  than  at  the  cen- 
ter. But  if  we  further  consider  the  foregoing  table  of  airpressares,  it 
will  be  seen  that,  while  the  hnrricatie  was  approaching  St.  Thomas,  the 
pressure  of  the  air  there  was,  at  i.l5  a.  ra.,  equal  to  tbe  pressore  at  Porto 
Uico  at  S  o'clock,  and  that  this  pressure  of  tbe  air  was  again  reached  at 
St.  Thomas  at  11  a.  tn.,  when  tbe  hurricane  was  leaving  tbe  island.  In 
the  coarse  of  G%  hours  (from  4.15  nntil  11  o'clock)  tbe  hurricane  moved 
ahont  40  miles  (Dauish).  Ita  velocity  was,  therefore,  about  6  miles  per 
hour,  and  this  agrees,  in  a  measiire,  with  an  observation  made  on  the 
island  of  Porto  Jlico  at  12  o'clock,  according  to  which  the  center  of  the 
hurricane  seems  to  have  traversed  a  distance  of  20  miles  in  about  fonr 
hours. 
Id  the  annexed  Figure  2, 1  have,  according  to  the  foregoing  tableof 

F1G.2. 


atmospheric  pressures,  observed  on  the  island  of  St.  Thomas  during 
the  borricane,  repreeented  tbe  time  of  observation,  expressed  in  hours, 
as  the  abscissa,  and  the  observed  pressure  of  the  air,  indicated  by 
tbe  height  of  the  mercury,  expressed  in  lines,  as  the  ordinate  to  a 
curve,  corresponding  to  the  pressures  of  the  air  prevailing  during  the 
hurricane.  By  the  aid  of  the  points  thus  designated,  I  have  subse- 
quently drawn  the  two  branches  of  the  curve  as  given,  which,  judging 
from  the  entire  scries  of  observations,  may  be  considered  as  correspond- 
ing to  the  pressures  of  the  air  which  were  really  exerted  during  the  hur- 
ricane; and  since  I  have  commenced  with  the  lowest  pressure  [310  lines) 
that  was  eserted  while  the  center  of  the  hurricane  wati  passing  over  St. 
Thomas,  it  is  evident  that  the  curve  thus  constructed  may  be  compared 
with  the  previously  mentioned  curve  a  oi  &■  /9,  fig.  1,  the  equation  of 
which,  with  rectangular  co-ordinates,  is: 

9 
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As  wo  Iiave  seeb  tbat  tbe  progress  of  tbe  barricane  may  be  compntecl 
to  have  beeo  eqnal  to  six  miles  per  honr,  I  bare  divided  tbe  boar  into 
six  parts ;  each  of  these  parts,  therefore,  corresponds  to  a  length  =  1 
mile,  and  the  given  carve  may  tbas  be  considered  as  lepresenting  tbe 
atmospheric  pressure  across  the  entire  mass  of  air  composing  the  hniri- 
cane.  With  reference  to  the  curved  line  thas  constructed,  I  will  remark 
that  the  curve  everywhere  lies  within  the  limits  of  the  probable  error, 
since  it  is  expressly  stated  in  Professor  Dove's  description  that  tbe 
barometer  was  in  such  a  state  of  agitation  that  the  mercary,  at  every 
violent  gnst,  saddealy  fell  two  lines,  bot  rose  immediately  afterward  to 
its  nsnal  height. 

The  first  thing  that  we  now  perceive,  when  we  cast  a  glance  at  the 
two  branches  of  the  given  curve,  is  tbat  these  may  be  considered  as 
symmetrical  curves  with  reference  to  the  vertical  line  G  Z,  which  passed 
over  St.  Thomas  at  T'  52";  and  this  symmetry  therefore  anthorizes  ns 
to  consider  the  line  C  Z  as  the  asis  around  which  the  rotation  took 
place.  Id  view  of  this,  wo  may  assume  that  the  radins  of  tbe  circam- 
scribing  cylinder  of  the  calm  space  in  the  middle  of  the  hnrricano  was 
a  =  0.4  lonrs  =  2.4  miles.  And  if  we  next  suppose  that  tbe  rotating 
mass  proper  extended  over  tbe  entire  space,  in  which  the  pressure 
decreased  proportiooately  inward  toward  the  center,  and  especially 
tbat  the  rotating  mass  reached  outward  to  the  point  where  the  pressure 
of  the  air  was  only  two  lines  less  than  tbe  normal  pressure  (33C"),  we 
may  make  tbe  radius  of  tbe  exterior  circumscribing  surface  of  the 
rotatiog  mass  [a  +  H)  =  4.4  hours  =  26.4  miles;  and,  as  a  consequence 
thereof,  the  thickness  S  of  tbe  rotating  mass  =  24  miles.  During  the 
prevalence  of  the  Antigua  hurricane,  tbe  radios,  therefore,  of  the  space 
where  there  was  no  wind  was  a  =  0.1  H.  And  since  tbe  radius  of  any 
element  of  tbe  rotating  mass  is  de8igaat«d  hy  r  =  a  +  x,it  will  further 
be  easy,  according  to  the  constructed  curve,  to  determine  the  amount 
of  pressure  tbat  was  exerted  at  the  places  in  the  hurricane  which  cor- 
respond to  values  of  x  eqnal  successively  to 

0.1jffi  0.2ir;  0.3fl"i  0.4ir;  0.5H;  0.75ff;  and  Zf. 

By  seeking  in  tbe  figure  the  correspondmg  pressures  given  by  the 
curve  for  the  increasing  hurricane,  we  find  the  heights 

z  =  6.0;  =  10.3;  =  13.0;  =  14.8;  =  16.0;  =  17.5;  =  18.4  Paris  lines. 

And  by  looking  for  these  pressures  in  tbe  curve  of  the  abating  hurri- 
cane, we  find 

z  =  6.0;  =  10.6;  =  13.4;  =  15.2;  =  16.2;  =  17.6;  =  18.3  Paris  lines, 
from  which  are  obtained,  as  mean  numbers, 

z  =  6.3;  =  10.4;  =  13.2;  =  15.0;  =  16.1;  =  17.5;  =  18.3  Piiris  lines. 

If  ve  now  consider  the  formula  (4),  iu  which  X  has  the  value  deter- 
mined by  tbe  formula  (3),  which  value  is  seen  to  be  a  real  number,  we 
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may,  iu  like  manner,  easily  compate  the  pressure  ^,  coireBponding  t« 
the  above  giveD  values  of  x  aod  a.    Compating  tho  value  of  s,  we  get, 


=  LfllZ!;     =  1.83—;     =  1.91—  . 
0  0  9 

If  we  DOW  institute  a  comparisoa  between  tbe  computed  and  Uie 
observed  values  of  s,  it  becomes  evident  that  the  computed  values  Btaod 
in  a  constant  ratio  to  tbe  observed  values,  as  would  be  the  case  if  the 
theory  which  has  been  advanced  concerning  atmospheric  whirlwinds  ia 
correct.  If  we  therefore  make  tbe  computed  values  of  z  eqn^  to  tiie 
correspondiug  observed  pressures  z,  we  get  several  equations,  ffbicli 

may  servo  to  determine  the  coustaut  (  — ] ,  and  thus  we  obtain,  as  a 

mean   number: — =0.76  Paris  lines.  If  this  mean  value  is  snbstituted 
9 

in  tbe  formula  (4)  for  —,  it  is  easy  to  compute  the  pressures  which  cor- 
respond to  tbe  distances 
x  =  Q;x  =  (i,lH;  =OJJir;  O.Sif;  0.4ff;  =  0.5fl;  =0.75^;  =1.0B. 

These  computed  pressures  are  thus  found  to  be : 
c=0;  =0.34;  =10.35}  =12.98;  =14.74;  =10.01;  =17.SG;  =  18.W; 
while  the  above  observations  gave 
z  =  t>;  =  0.3;  =10.4;  =  13.2;  =  15.0;  =  10.1;  =  17.6;  =  18.3;  Paris  lines. 

So  complete  an  agreement  is  therefore  seen  between  tbe  observed  and 
tbe  computed  pressures  at  every  place  in  tbe  hurricane  that  we  may 
draw  the  conclusion  that  the  formula  (4)  is  correct,  and  that  the  correct- 
ness of  tbe  theory  is  conflrmed  by  nature.  But  if  tbe  theory  iscorrect, 
and  we  therefore,  for  the  hurricane  now  under  consideration,  have  tbe 

yi 
pressure  —  =  9,70  Paris  lines  =  22.0  millimeters  of  mercury  =  710  feet 

of  air,  it  then  further  follows  that  tbe  greatest  velocity  of  the  bnrricane 
was :  F  =  149  feet  (47.6  meters)  per  second,  or  something  near  to  tbe 
greatest  hurricane  velocity  of  which  we  hare  any  knowledge,  which  also 
agrees  with  tbe  violence  with  which  tbe  Antigua  hnrricaue  raged. 

We  are  now  further  able  to  determine  the  limits  of  the  hurricane 
proper,  a  term  which  is  usually  considered  to  apply  to  winds  that  have 
velocity  of  120  to  150  or  more  feet  per  second ;  for  if  in  formula  (1)  ve 
make  v  =  120  feet,  and  V=  149  feet,  we  find  the  required  distance 
a;  =  0.D3jH=12.7  miles.  The  Unrricaneproper began,  therefore, ataboot 
half  past  five  o'clock  at  a  distance  of  about  fifteen  miles  fh>in  the  axiS) 
and  ceased  at  half  past  ten  o'clock,  or  two  and  one  h^f  hours  after  the 
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axis  of  tbe  bQiricane  bad  passed  St.  Thomas.  Id  Professor  Dove's 
paper,  tbe  statenient  is  made  tbat  tbe  hurricane  be^n  at  5§  o'clock 
Had  ceased  at  11^,  whicli  statemeot,  however,  is  sopposed  to  have 
been  made  only  by  estimate;  at  all  events,  experience  in  this  matter 
seems  to  correspond  pretty  ^ell  vith  what  is  obtained  by  computation. 
If,  in  conclnsiou,  we  seek  the  velocity  with  which  the  outer  portion  of 
tbe  mass  rotated,  we  find,  according  to  formula  (1),  by  therein  making 
x  =  E,  that  the  required  velocity  was  84.5  feet  =  27.4  meters  per  sec- 
ond, or  13.6  miles  per  hoar.  If  this  velocity  is  compared  with  the  pro- 
gressive velocity  of  the  hurricane,  which  we  have  fonad  to  he  about  6 
miles  per  boor,  it  is  seen  that  the  rotating  mass  advanced  with  a  rapid- 
ity wbioh  was  about  half  as  great  as  its  exterior  velocity  of  rotation. 
This  circumstauco  points  to  another  which  we  may  observe  when  a  cur- 
rent of  water  runs,  for  instance,  tbrongh  the  arch  of  a  bridge  into  some 
still  water  below  the  bridge.  In  such  a  case,  I  have  had  occasion  to 
observe  that,  between  thecnrrentandtbe  still  water,  eddies  are  formed, 
which  move  forward,  as  if  rolled  by  the  passing  current  of  water  toward 
the  still  water,  and  I  have  found  that  the  advancing  velocity  of  the 
mass  was  pretty  nearly  half  its  great  as  its  outer  velocity  of  rotation, 
which  latter  was  abont  eqnal  to  tbe  velocity  of  the  passing  current  of 
water. 

I  have,  nn fortunately,  not  been  able  to  study  the  movement  of 
rotating  masses  of  water  more  thoronghly;  but  since  it  seems  that  the 
laws  governing  their  movement  harmonize  with  those  which  govern  the 
movement  of  atmospheric  whirlwinds,  I  think  that  a  careful  examina- 
tion of  rotating  masses  of  water  would,  in  all  probability,  throw  much 
light  apon  the  movements  of  hurricanes. 

Let  us  now  consider  a  fluid,  water  for  instance,  wbich  is  considered  as 
rotating  uniformly  aronud  a  vertical  axis ;  but  let  ns  disregard  tbe  rota- 
tion, just  as  we  usually  disregard  the  rotation  of  the  earth  with  which 
we  move.  There  will  then  be  an  equilibrium  at  each  of  the  level 
surfaces  of  tbe  fluid,  and  each  particle  tbat  is  upon  sncb  a  level  surface 
will,  when  no  other  forces  disturb  the  eqnilibrinm,  be  at  rest,  independ- 
ently of  the  rotation.  If  we  now  Imagine  ourselves  to  be  sailing  in  a 
boat  upon  the  free  surface  of  the  water,  or  upon  any  level  parallel 
thereto,  for  instance,  upon  the  level  which  is  designated  in  Fig.  1  by  the 
letters  a  a,  5i  /?,  while  the  boat  is  supposed  to  rotate  with  the  velocity  of 
tbe  water,  it  is  clear  tbat,  since  the  level  surfaces  are  normal  to  tbe 
resultant  of  the  acting  forces,  we  may  sail  over  the  level  surface  in  ques- 
tion just  as  easily  as  we  can  sail  upon  a  horizontal  surface  of  still  water, 
wbich  is  acted  upon  only  by  tbe  force  of  gravity. 

If  this  is  tbe  case,  and  if  we  next  consider  a  body  of  water  which, 
being  contained  in  a  reservoir,  has  a  horizontal  surface,  upon  which  only 
the  force  of  gravity  is  uniform,  and  imagine  a  new  mass  of  water  to  be 
let  into  the  reservoir  at  a  certain  point,  tbe  previous  equilibrium  is 
destroyed  by  tbe  entering  water,  and  does  not  retnm  until  the  water 
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has  become  uDiformly  distributed  ander  a  new  borizontat  surface  lying 
somewbat  bigher.  If,  od  tbe  contrary,  a  permaoent  Btream  flows  into  the 
reservoir,  the  conditions  are  changed,  Bince  tbe  snrface  of  tbe  water  does 
not  come  to  a  permanent  stand  until  the  inflnx  and  tbe  efiBax  bold  each 
other  in  equitibrinm;  tben,  however,  tbe  aorface  of  tbe  water  in  tbe 
reservoir,  as  well  as  every  other  level  surface,  has  a  descent  toward  the 
efQux,  which  descent  will  then  obtain  over  the  upper  surface  of  tbe 
whole  reservoir  when  the  latter  is  fall  to  the  brim,  and  the  point  of 
influx  is,  for  instance,  in  the  middle  of  the  bottom  of  the  reservoir.  la 
perfect  accord  with  this  also  must  be  tbe  cooditiou  in  a  permanently 
rotating  fluid,  when  a  constant  iuflnx  into  it  is  talking  place;  for  if  a 
permanent  influx  goes  on  from  without  at  any  point  of  a  rotating  mass 
of  water  or  other  liquid,  the  pressure  in  the  rotating  inass  will  be 
increased  at  all  points,  since  the  surface  of  tbe  water,  and,  at  the  same 
time,  all  the  parallel  level  surfaces  of  constant  pressures,  must  neces- 
sarily take  a  higher  stand,  and  an  inclination  to  the  original  surfoces  of 
equilibrium  corresponding  to  the  influx  from  the  point  of  influx  outward 
in  all  directions  in  which  tbe  fluid  can  flow  away. 

If  this  is  correct,  however,  and  we  farther  consider  that  a  rotating 
mass  of  air  can  resist  the  external  atmospheric  pressure  only  when  the 
velocity  of  rotation  is  of  a  determined  magnitude,  it  will  also  be  readily 
seen,  both  that  a  great  quantity  of  air  mast  flow  from  without  to  tbe 
rotating  mass  along  the  surface  of  the  earth,  and  tbat  this  permanent 
current  of  air  must  again  flow  away  to  the  outside  in  the  direction  of 
the  level  surfaces.  When,  furthermore,  such  a  rotating  mass  of  air 
moves  over  the  surface  of  tbe  earth,  it  meets  with  manifold  resistances, 
which  diminish  its  velocity  of  rotation,  and  give  rise  to  those  violent 
gusts  tbat  are  observed  during  the  prevalence  of  hurricanes.  Tbe 
diminution,  thus  occasioned,  of  the  velocity  of  rotation  at  the  surface  of 
the  earth,  tben  gives  the  superiority  to  the  external  pressure,  and  this  pro- 
duces both  the  aforementioned  afflux  of  external  air  and  tbe  compressioQ 
of  the  air  in  tbe  lower  parts  of  tbe  mass,  whereby,  od  tbe  other  baDd,tlie 
air  is  again  gradually  driven  away  toward  the  exterior  along  the  level 
surfaces  in  proportion  to  its  inflow  below  toward  the  centerof  the  whirl 

This  explains  the  screw-sbaped  formation  which  is  very  often  observed 
during  the  prevalence  of  small  whirlwinds,  water-spouts,  &c.,  since  the 
mass  of  air  which  rushes  in  from  without  along  the  surface  of  the  earth 
mast,  while  ao  rushing  in,  be  set  into  rotatory  motion  by  tbe  whirlwind. 
It  hereby  also  becomes  evident  that  iu  a  whirl  the  direction  of  the  wind 
along  tbe  surface  of  tbe  earth  cannot  be  perpendicular  to  tbe  radius  of 
rotation,  but  on  the  contrary,  and  its  inclination  has  been  quite  correctly 
adduced  by  some  meteorologists  as  a  proof  that  an  influx  of  air  toward 
the  axis  does  occur  in  whirlwinds.  It  is  manifest  that  the  masses  of 
air  which  rush  in  along  the  surface  of  the  earth  must  have,  aa  is  actually 
observed  in  nature,  a  tendency  to  diminish  the  velocity  of  rotation  and 
t«  increase  the  diameter  of  the  rotating  moss. 
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After  baviDg  showD,  as  I  bare  previously  done,  that  the  same  laws 
that  govern  the  movemeDts  of  water  ia  geoeral  also  govera  the  movo- 
ments  of  currents  of  air,  and,  after  having  shown  in  this  paper,  that  the 
same  laws  that  govern  the  movements  of  water  in  canals  and  free  cur- 
rents in  the  sea  also  govern  the  movements  of  the  largo  masses  of  air 
which  form  hnrricaoes,  I  consider  it  almost  as  a  necessary  consequence 
that  currents  of  water  in  the  sea  and  currents  of  air  in  the  atmosphere 
are  snbject  to  the  same  natural  laws.  Basing  my  theory  henceforth 
upon  the  correctness  of  this  assumption,  I  shall  now  endeavor  briefly  to 
point  out  how  the  great  currents  of  air,  which  are  subject  to  the  same 
laws  as  the  corresponding  cnrreuts  in  the  sea,  move  in  the  atmosphere. 

Just  as  I  endeavored,  in  my  former  paper  on  marine  currents,  to  show 
that  the  first  cause  of  those  general  currents  must  be  sought  in  the  fitct 
that  the  tropical  heat,  by  warming  the  water  of  the  sea,  diminishes  its 
specidc  gravity  to  such  an  eitent  that  its  surface  is  forced  to  rise  to  a 
greater  height  in  the  tropics  than  can  be  consistent  with  the  equilibrium 
of  the  water,  thus  I  also  believe  that  it  is  proper,  generally,  to  assume 
that  the  maiu  currents  in  the  atmosphere  are  cansed  by  the  fact  that 
the  air,  by  reason  of  its  diminished  density  under  the  equator,  is  forced 
to  rise  to  a  considerably  greater  height  than  cau  l)e  consistent  with 
equilibrium  in  respect  to  the  masses  of  air  which  are  outside  of  the 
tropical  regions.  Because  the  height  of  tbe  atmosphere  withiu  the  trop- 
ics is  greater  than  it  is  elsewhere,  the  level  surfaces  in  the  upper  iJor- 
tions  of  the  atmosphere  of  tbe  northern  hemisphere  have  an  inclination 
toward  the  north,  and  since  the  air  must  follow  the  inclination,  this 
upper  portilln  of  the  atmosphere  mnst  move  in  a  northerly  direction  in 
the  northern  hemisphere.  lu  this  manner  is  produced  an  equatorial 
cnrreot  of  air,  which  is  called  the  anti  trade-wind ;  but,  during  the  move- 
ment of  this  current  toward  the  north,  the  force  of  the  earth's  rotation 
makes  itself  felt  and  carries  the  movement  more  and  more  over  in  an 
easterly  direction.  While  the  air  under  the  equator  thus  rises  aud 
rashes  away  toward  the  north  pole  and  south  pole  in  tbe  upper  portions 
of  the  atmosphere,  the  colder  and  heavier  masses  of  air,  impelled  by 
tbe  force  of  gravity,  rush  from  the  north  and  south  along  the  surface  of 
tbe  eartb  toward  the  equator,  because  the  level  surfaces  in  the  lower 
portions  of  the  atmosphere  have  an  inclination  toward  the  equator,  since 
tbe  pressure  of  the  air  is  greater  outside  of  the  tropics  than  under  the 
equator;  but  of  course  the  rotation  of  the  earth  again  exerts  its  influence, 
and  gradually  changes  the  north  wind,  which  seeks  its  way  down  toward 
tbe  equator,  into  a  northeasterly  wind,  which  we  call  the  nortbeaf't 
trade-wind,  and  concerning  which  I  will  here  remark  that  it  is  probably 
this  colder  current  of  air  that,  by  its  contact  with  the  ascending  calm 
damp  masses  of  air  within  the  tropics,  produces  the  violent  hurricanes, 
with  their  frightful  electric  discharges  and  immense  falls  of  rain,  which 
occur  in  West  Indian  waters. 

As  the  upper  currents  of  air  in  the  atmosphere  get  beyond  the  tropica. 
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ibeairgTDffsbeaTier,  and  gradually  (in  tbe  northern  bemiBpbere)  breaks 
its  way  toward  tbe  nortb,  alongside  of  the  rold  cnrrents  of  air  which 
move  toward  tbe  eqnator.  Co  acconnt  of  the  force  of  the  earth's  rota- 
tioD,  tbe  equatorial  cnrrent  of  air  thus  appears  as  a  southwesterly  wind, 
while  the  polar  cnrrent  of  tur  appears  as  a  northeasterly  wind  in  the 
northern  hemisphere;  and  thns  we  see  both  of  these  currents  aie  deflected 
bj  tbe  force  of  tbe  earth's  rotation,  as  is  the  case  with  the  currents  of 
the  sea.  On  botli  sides  of  any  equatorial  cnrreut  there  naturally  runs  ft 
polar  cnrrent  of  air  in  a  southerly  direction,  and  on  both  sides  of  eveiy 
polar  cnrrent  in  like  manner  an  equatorial  cnrrent  in  a  Dortheasterly 
direction,  and  so  ou  ronnd  tbe  entire  globe. 

If  we  now  direct  onr  thoughts  to  two  of  tbese  neighboring  currents, 
which  move  side  by  side  in  diametrically  opposite  directions,  and  if  we 
suppose  that  tbe  polar  cnrrent  moves  upon  tbe  west  side  of  tbe  equa- 
torial air-carreut  which  is  under  consideration,  it  is  evident,  from  what 
I  have  elsewhere  previously  shown  in  relation  to  tbe  Oulf  Stream  and 
the  polar  cnrrent  which  runs  west  of  it,  that  both  the  currents  of  air  ia 
question  are  constantly  tending  to  separate  from  each  other.  Since  they 
do  not  separate,  however,  tbe  consequence  is  that  while  this  tendency 
exists,  a  rarefaction  of  the  air  takes  place  between  tbe  two  currents,  and 
in  conseqaenee  thereof  the  pressareof  the  air  diminishes  toward  the 
dividing  surface  between  these  currents,  whereby,  at  every  point  of  tbe 
cnrrents  referred  to,  precisely  that  reaction  is  caused  which  is  reqaued 
for  the  preservation  of  equilibrioni  with  the  force  of  rotation.  From  the 
dividing  snrface  between  tbe  aforesaid  cnrrents  of  ^r,  the  atmospheric 
pressure  most  therefore  increase  toward  both  sides,  if  the^rrents  are 
to  continue  their  course  in  their  diametrically  opposite  directions,  and 
the  increase  of  pressure  in  air-currents  for  any  transverse  distance  I  fivm 
tbe  dividing  surikce  can,  if  it  is  measared  by  a  column  of  air  =  fc,  be 
computed  according  to  a  formula  previously  given,  as  applicable  to 
ocean  currents,  viz :  • 

h      8tn^sin*<ii .  V  ... 

in  which  v  denotes  the  velocity  of  the  air-current  at  the  latitude  0,  and  •■ 
the  angle  which  the  direction  of  the  cnrrent  forms  with  the  east  point 
of  the  circle  of  latitude,  —  tbe  whole  in  accordance  with  the  formala  (TO) 
in  my  dissertation  apon  marine  currents-t  What  has  been  stated  sbows 
that  tbe  atmospheric  pressore  in  these  currents,  when  they  are  of  tiie 
same  density,  mast  diminish  toward  the  common  dividing  surface  of  tbe 

•  KtiTK  BY  TiiE  Tbanslatob.— This  fonnaU  ebonld  have  beeo 

ai  baa  be«n  pointed  oat  by  Feirel  and  Hanii.    Coldiog's  error  resulted  from  baring 
coDBidered  but  a  portion  of  tbe  effect  of  tbe  earth's  rotatioo — aa  error  tb«t  alao  perTsde* 
bis  elaborate  memoir  on  ocean  cnrrents.    See  Ferrel  in  "Nntare,"  1871,  i»,  p.  8W,  ftnd 
18T2,  V,  ji.  384. 
t[AD  abstract  of  this  memoir  isgivoo  in  ''Natare,"  vol.  r,  p.7l«twj.— C.A.] 
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carrents,  and  that  the  level  surfaces  of  ttiese  currents  must  necessarily 
have  an  iDclination  toward  the  commoD  bouDdar;,  quite  in  accordance 
with  what  takes  place  iu  marine  currents ;  hence  it  further  follows  that 
since  the  magnitude  of  the  gap  formed  between  the  level  surfaces. of 
the  two  carreuts  is  dependent  upon  the  velocity  of  these  cuireots,  auy 
chance  stoppage  of  one  of  these  cuireots  will  cause  It  to  impinge  against 
the  other,  either  from  the  ^W.  or  the  SE.,  thus  producing  an  eddy 
which  moves  "  against  the  son."  It  ia  evident  that  so  long  as  the  cur- 
rent in  question  continues  its  motiou,  the  force  of  the  earth'd  rotation 
maintains  equilibrium  with  that  force  which  corresponds  to  tho  inclina- 
tion of  the  level  surfaces  toward  the  dividing  surface  between  the  two 
currents;  but,  as  soon  as  the  motion  is  diminished,  the  force  of  gravity 
gets  the  upper  hand,  and  an  eddying  movement  is  inevitable.  It  must 
DOW  be  considered,  however,  that  the  density  is  usually  difierent  for  the 
two  currents  under  consideration,  since  the  polar  air-corrent  is  generally 
of  greater  specific  gravity  than  the  equatorial  current,  and  the  relation 
between  the  two  air-currents  ia  therefore,  in  all  respects,  quite  iu 
harmony  with  the  relation  which  I  have  pointed  out  between  the  Gulf 
Stream  and  the  pohir  current  along  the  coast  of  America.  Since,  namely, 
the  pressure  io  tho  upper  part  of  the  atmosphere  for  the  two  currents 
eannot  be  very  different,  the  pressure  in  the  lower  part  of  the  atmos- 
phere must  be  different  for  air-currents  of  different  specific  gravities; 
and  since  two  essentially  different  pressures  cannot  exist  by  the  side  of 
each  other,  the  consequence  is  that  the  current  having  the  greater  spe- 
cific gravity  must  flow  sidewise  into  the  current  having  the  less  specific 
gravity,  in  proportion  to  the  excess  of  pressure.  Since  now,  as  has  been 
said,  the  polar  current  usually  has  the  greater  specific  gravity  of  tht 
two  cnrrenta,  it  follows  that,  in  proportion  to  the  excess  of  pressure  of 
the  polar  current  above  the  equatorial  current  ruuniug  east  of  the  same, 
under  otherwise  andisturhed  atmospheric  couditions,  a  considerable 
portion  of  cold  air  will  rush  from  the  northwest  Into  the  equatorial  cur- 
rent, whose  air-pressure  is  thereby  increased  as  far  as  the  cold  air  pene- 
trates. It  is,  however,  at  the  same  time,  evident  that  the  cold  air  which 
thus  penetrates  will,  as  soon  ns  it  penetrates  into  the  warm  air,  which 
is  full  of  aqueous  vapors,  produce  a  condensation  of  these  vapors,  from 
which  a  cold  rain  from  the  northwest  or  west  will  result.  It  must  also 
be  evident  from  the  foregoing  that  under  disturbed  atmospheric  condi- 
tions eddying  winds  may  likewise  be  formed,  which,  under  extraordinary 
circnmstaDces,  may  increase  to  tornadoes  or  hurricanes,  with  all  tho 
corresponding  natural  phenomena. 

We  have  now  cousidered  the  natural  conditions  that  must  present 
themselves  upon  the  west  side  of  an  equatorial  current  when  a  polar 
current  runs  along  it  toward  a  southwesterly  direction,  and  we  will  now 
proceed  to  examine  what  must  be  the  conditions  upon  the  east  side  of 
SQch  an  equatorial  current  when  a  polar  corrent  runs  alongside  of  it  in 
an  opposite  direction  toward  the  southwest.    Id  the  first  place,  it  is 
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clear  that  sioce  the  eqaatorial  curreat  moves  in  a  northeasterl;  direc- 
tion, it  will  be  affected  by  tbe  force  of  rotation;  and  therefore  this  cat- 
rent,  as  already  remai-ked,  caDnot  parsiie  the  given  direction  anless  tbe 
air-pressare  increases  from  west  to  east  right  across  the  carrent,  as  fo^ 
mula  (5)  reqnires.  But,  on  the  other  band,  it  is  also  evident  from  what 
has  been  said  that  the  polar  carrent  ranniog  east  of  the  same  is  like- 
wise unable  to  pursue  the  given  direction  unless  the  air-pressnre  in  tbis 
carrent  similarly  increases  from  east  to  west,  accordiug  to  the  law  laid 
down  in  formula  (S).  For  these  two  curreuts,  therefore,  the  level  Bar- 
faces  have  an  asnent  towanl  each  other,  and  hence  it  results  that  both 
currents  are  kept  braced  aguiust  each  other  by  tbe  force  of  rotation, 
while  each  of  them  seeks  to  crowd  the  other  out  of  its  place.  If  cor 
rents  of  air  are  of  different  specific  gravities,  the  one  having  the  greater 
specific  gravity  must,  as  in  tbe  foregoing  case,  penetrate  into  tbe  other; 
and  since  it  is  generally  tbe  polar  current  whoso  specific  gravity  is  the 
greater,  this  stream  will  usually  penetrate  from  the  southeast  into  tbe 
eqaatoriul  current,  and  give  rain  from  tbe  southeast  or  south.  Aa 
essential  difference  between  tbe  conditions  upon  the  east  side  of  tlie 
equatorial  current  and  the  condition  upon  tbe  west  side  of  the  saniB  is 
that  while  the  air-pressure  upon  the  west  side  of  tbe  equatorial  carrent 
is  always  relatively  low,  tbe  pressure  upon  the  east  side  of  the  same 
carrent  is  always  relatively  high.  Tbe  most  remarkable  difference,  how- 
ever, is  perhaps  this,  that  although  in  the  region  between  the  equatorial 
carrent  and  the  polar  current  which  rnns  east  of  it  calms  may  occur 
similar  to  those  which  the  great  air-whirls  produce  npon  the  west  side 
of  the  equatorial  carreut,  yet  a  whirlwind  of  any  magnitude  can  never 
be  formed  upon  tbe  east  side  uf  the  equatorial  current,  becanse  the  force 
of  gravity  here  works  in  the  same  direction  as  the  centrifagal  force,  tlias 
tending  to  scatter  the  masses  of  air,  while  upon  tbe  west  side  it  works 
against  the  centrifugal  force  and  holds  the  masses  of  air  together.  If 
we  now  further  consider  that,  in  the  very  nature  of  the  case,  the  rota* 
tory  movements  that  take  place  upon  the  east  aide  of  an  eqaatorial  ca^ 
rent  must  be  "against  the  sun,"^while  those  which  occur  npoo  the  west 
side  of  sacb  a  carrent  must  be  ''  with  the  sun,"  tbe  reason  is  at  once 
seen  why  all  revolving  tornadoes  and  hurricanes  must  rotate  against 
the  sou  in  the  manner  which  experience  has  shown. 

If  we  now  imagine  ourselves  to  he  in  a  polar  air-current,  and  moving 
under  normal  conditions  across  it  in  a  westerly  direction  toward  the 
equatorial  current,  weshall,according  to  the  preceding,  from  a  relativelj' 
cold  and  dry  northeasterly  wind,  with  a  high  barometric  pressun-, grad- 
ually find  tbe  wind,  under  a  rising  air-pressure,  changing  to  an  easterly 
direction,  and  afterward,  under  a  slightly  dimiuishiug  air  pressure, 
changing  into  a  rainy  but  somewhat  milder  southeasterly  wind,  Uuder 
a  constantly  diminishing  nir-pressure,  with  milder  and  moister  air,  tbe 
wind  passes  tliroogh  tbe  south  over  to  the  southwest,  and  we  tlieu  find 
ourselves  in  the  southwesterly  equatorial  c-— «»*  ■•■  wbicb  the  state  of 
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tbe  barometer  is  low  and  the  temperatnre  relatively  liigh.  If  we  dow 
go  farther  toward  tbe  west,  the  presBnre  of  tbe  air  dimioishes  cod- 
stantly,  bat  do  cbaoge  takes  place  id  tbe  directioD  of  tbe  wiud.  Gradu- 
ally, bowever,  tbe  pressure  of  tbe  air  begins  to  rise,  while  tbe  wind 
ahUta  round  more  to  tbe  west  and  grows  somewhat  colder.  During  a 
constantly  rising  atmospheric  pressure,  tbe  wind  passes  through  tbe 
west,  and  liecomes  a  cold,  rainy,  northwest  wiud.  If  we  continue  our 
progress  toward  the  west,  tbe  pressure  of  the  atmosphere  rises  still 
higher,  tbe  wind  shifts  round  more  to  tbe  north,  tbe  air  becomes  clear, 
and  we  come  at  last,  under  a  constantly  rising  atmospheric  pressure, 
through  a  nortberiy  wind  into  the  next  uorthcaaterly  polar  carrent.  It 
we  move  in  the  contrary  direction,  *.  e.,  from  west  to  east,  tbese  pb& 
nomenawill,  of  course,  be  reversed.  What  I  have  desired  hereby  tf 
show  is,  that  if  we  travel  from  cast  to  west,  when  everything  is  in  a 
normal  state,  we  shall  see  tbe  direction  of  tbe  wind  gradually  change 
in  the  manner  stated  by  Professor  Dove  in  bis  well-known  law  of  rota- 
tion, according  to  which  the  wind  most  frequently  turns  in  a  direction 
with  tbe  sun,  and  that  by  traveling  in  an  opposite  direction,  from  west 
to  east,  we  shall  see  the  direction  of  the  wind  change  according  to  the 
opposite  law.  N^ow,  since  Dove's  law  of  rotation  has  been  confirmed,  in 
the  main,  by  the  observations  wbiob  have  been  made  in  various  coud- 
tries,*  one  is  led  to  assume  that  the  atmosphere  has  a  movement  some, 
times  from  west  to  east,  and  sometimes  from  east  to  west  aronnd  tbe 
earth,  which  seems  in  itself  to  be  quite  probable,  but  one  is  led,  at  tbe 
same  time,  to  the  concluaion  that  the  easterly  movement  is  tbe  pre- 
ponderant one.  That  this,  moreover,  is  really  tbe  case,  I  hope  the  fol- 
lowing will  plainly  show.  From  what  I  have  said  in  tbe  foregoing,  it  is 
evident  that  if  the  moving  masses  of  air  which  are  conveyed  from  the 
lower  to  the  higher  degrees  of  latitude  by  the  equatorial  air-carrents 
were  of  the  same  magnitude  as  the  masses  of  air  which  are  carried  back 
by  the  polar  air-currents  from  the  higher  to  the  lower  degrees  of  lati- 
tude^whicb  would,  of  course,  necessarily  be  the  case  if  the  air  from  the 
tower  to  tbe  higher  degrees  of  latitude  did  not  bring  with  it  moisture, 
which  ia  thrown  off  on  tbe  way — then,  for  each  separate  degree  of  lati- 
tude, it  would  bo  necessary  that  tbe  sum  of  all  the  pressures  which  tbe 
force  of  the  earth's  rotation  would  exert  upon  the  masses  of  air  impelled 
toward  the  poles  from  west  to  east  should  be  equal  to  tbe  sum  of  all 
the  pressures  which  the  same  force  would  oxert  from  east  to  west  upon 
the  masses  of  air  which  moved  from  the  pole  toward  tbe  equator.  In 
such  a  case,  taking  all  things  together,  there  would  have  to  he  an  equi- 
librium between  tbe  forces  which  would  respectively  move  the  atmos- 
phere iu  an  easterly  and  westerly  direction,  Tbe  case  is,  however, 
different  iu  reality,  since  the  mass  of  air  which  moves  towanl  the  poles 
brings  with  it  a  considerable  quantity  of  aqueous  vapors,  in  consequence 
of  which  the  mass  of  air  which  rashes  toward  Ibe  poles  is  always  con- 

*  6«e  ProfeasoT  Holten's  paper  ia  tbe  Videoskabeos  Solakab  Overaigt  for  1865,  p.  113. 
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siderably  greater  than  tbe  qaaotity  uf  air  wbioh,  at  each  separate  dvgnw 
of  latitude,  retaroa  toward  tbe  eqaator.  Hence  it  evidently  follows  that 
the  atmosphere  id  its  entirety,  with  the  excess  of  pressure  wbiob  takes 
place  from  west  toward  east,  must  move  from  west  to  east  around  the 
firm  surface  of  tbe  eartb ;  and  bence,  again,  it  follows  that  Dov^s  law 
of  revolution  for  the  wind  must  be  a  natural  law. 

I  shall,  for  the  present,  not  consider  further  the  conclusions  which  may 
probably  present  themselves,  and  that  may  be  deduced  with  regard  to 
tbe  phenomena  of  wind  and  weather.  It  seems,  however,  to  be  pretty 
clear  that  these  deductions  may  be  more  imtwrtant  than  auytbiiig  that 
we  have  hitherto  known  on  tbe  subject  we  have  been  conaideriug. 


ON  TBE    WHIRLWIND  AT   ST.  THOMAS   ON   THE   2IST   OP 
AUGUST,  1871. 

[We  hero  append  a  traoslatioo  of  Hano's  eztracte  (Zeitscbrifl,  s,  p.  141),  from  a  mo- 
ODd  memoir  by  Colding,  entitled  "  On  tlie  Wbirlwind  at  SL  Thonui  oa  the  21«t  of 
AogDst,  ISTl,"  sod  which  is  published  at  page  10  of  tbe  volume  for  I87t  of  tbe  "Fro- 
ceedinga  of  tbe  Daniali  Academy."] 

On  the  21st  of  August,  1871,*  a  whirlwind  passed  over  the  West 
India  Islands  in  the  direction  from  ESE  to  WNW.  The  reports  show 
tbe  average  velocity  of  its  progress  to  have  been  12  English  miles  per 
bonr.  The  center  of  the  hurricane  passed  directly  over  the  city  of 
St.  Thomas  about  6  o'clock  p.  m.  During  tbe  whole  day  before  the 
outbreak  of  tbe  hurricane  the  wind  blew  from  NNE  to  ENE.  The 
barometer  before  noon  stood  at  765.5  millimeters,  and  fell  about  1.5 
millimeters  from  morning  to  evening.  Tbe  pressure  continued  failing 
throughout  the  night,  and  the  wind  increased  in  force.  About  4  a.  m. 
of  the  21st,  tbe  barometer  stood  at  763  millimeters,  and  remained  sta- 
tionary at  this  point  until  9  a.  m.  The  wind  blew  in  gusts,  with  squalls 
from  the  east  and  northeast,  and  heavy  rain  fell.  At  12.30  p.  m.,  tlie 
barometer  stood  at  760;  the  wind  was  more  northerly,  and  blew  la  fear- 
ful gusts.  At  2.30  p.  m.,  the  pressure  was  755.5  millimeters;  tbe  wind 
veered  to  northwest  at  3.30  p,  m.,  and  blew  with  terrific  power.  The 
heaviest  winds,  which  caused  great  damage,  occurred  about  4.30  and  5 
p.  m.,  and  came  from  the  northwest.  At  5  p.  m.,  it  suddenly  became 
still,  as  the  center  of  the  hurricane  drew  near.  Tbe  city  was  enveloped 
iu  a  thick,  dark  fog,  and  the  air  was  nnnaturally  quiet.  Daring  this 
calm,  tbe  prossare  reached  its  lowest  point,  727.5  millimeters.  After  an 
interval  of  35  minutes,  the  hurricane  began  anew  with  heavy  squalls 

*  Tbe  BUbseqneut  path  and  other  phenomena  of  this  hurricane,  wbiob  paned  over 
Panta  Baasa  on  the  23d,  were  BDCcesafolly  predicted  from  day  to  day  in  advance  by 
the  present  translator  in  tbe  tri-daily  weather  pTobabilities  of  Angiut,  ISTl,  as  pn^ 
liebed  by  the  Army  Signal  Office.— C.  A. 
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from  tbeaoDttin'estto  soatbeaat;  at  tlio  same  time  tbe  barometer  began 
to  rise.    Fire  series  of  meteorological  observ&tioBS  daring  this  burri- 
caoe  are  at  hand.    Tbe  observed  values  of  the  atmospheric  preasare  for 
three  of  these  are  graphically  presented  in  Fig.  3. 
FIG.  3. 


Tbe  most  complete  observations,  corresponding  to  tbe  onrre  through 
the  simple  points  (.)i  were  made  on  tbe  French  steamship  La  Vitle  de  St. 
Nazaire,  Captain  d'Etroyat.  Tbe  points  enclosed  in  circles  are  entered 
aooording  to  the  obaerrations  on  tbe  ship  Tyne,  Captain  Taylor.  Both 
these  series  of  observations  were  ioBtituted  in  the  harbor  of  St.  Thomas. 
The  curve  designated  by  Caravelle  is  drawn  according  to  the  observa- 
tions on  tbe  steamer  of  tbe  same  name,  which  was  4  or  5  miles  nortb  of 
Porto  Bico,  at  a  distance  of  51  nautical  miles  from  St.  Thomas. 

The  whirlwind  began  at  St.  Thomas  about  12.30  p.  m.  and  ceased 
abont  9.30  p.  m.  Its  duration  was  therefore  9  boors.  The  central  calm 
passed  St.  Thomas  in  0.6  hoars.  As  ia  tbe  provioas  case,  we  designate 
tbe  radios  of  tbe  calm  space  by  a  =  0.3  honrs  =  3.6  miles^  since  the 
velocity  of  its  progress  must,  ocoordiog  to  the  observations,  be  taken  at 
12  miles  i>er  hour;  therefore  the  radius  of  the  whole  whirl  (adopting 
tbe  previous  notation)  ia  a  +  11=  i.5  hours  =  54  miles,  and  therefore 
— -I- —  =  lo  and  —  =  14. 

If  we  sobstitnte  these  values  in  equation  (3),  we  obtain — 

X  =  2.31og(l  +  14^)-0.032tang-'^14  J+  0.577-^ (o.214  --j) 

+  0.0625  J  {  (g)'-  0.107 -g-  +  0.015  }  . 

Whence  for  tbe  following  values  of  tt  we  obtain  the  corresponding 

Tftlaes  of  X  and  z : 

^=   0.1        0.2       0.3        0.4       0.5        0.0       0.7        0.8        0.9        1.0 

jr=   0.87      1.31     1.58      1.78      1.93     2.04     2.12     2.19      2.24      2.27 
z    =10.0     17.0     21.5      24.5     27.0     28.5     29.5     30.5      31.0      31.7 
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Tlie  valaes  of  the  pressure  z  given  in  the  lowest  line  are  tliose  which, 
accordiug  to  d'Etroyat's  obserratione,  belong  to  the  correapondlDg 
Talnes  ofx  =  0.1  H,  &&    Bnt,  accordiog  to  equation  (3),  ve  can  deter- 
mine the  constant  —  by  meaos  of  each  pair  of  X  and  z.    We  bare  for 
)  9 

tbis  pnrpose  the  ten  namerical  eqaatious 

y»  _  lO.O™  _  _  17^ .  _  2L6    -     . 
g  ~    t).m    *  ~1.3l'  ~1.68'        ' 

and  as  tbe  mean  of  these  ten  valaes  we  find 


similarly, 


■  13.2"""  of  mcrcory,  according  to  Taylor. 


By  using  these  constants,  we  can  now,  for  each  valne  of  a:  =  0.1  H,  &c, 
compute  tbe  correspoDding  value  of  z.  Tbis  compntation,  execat«d  for 
both  tbe  series  of  observations  by  d'Etroyat  and  by  Taylor,  gives  the 
following  re»nlt: 

£  =  0.1      0.2      0.3      0.4      0.5      0.6      0.7      0.8      0.9      1.0 

D'EXEOTAX. 

z  observed . .  10.0    17.0    21.5    24.5    27.0    28.5    29.5    30.5    31.0    31.7 
z  computed .  11.9    17.9    21.7    24.4    26.6    28.2    29.1    30.1    30.8    31J 


r observed..  10.0  16.5  21.0  23.5  26.5  27.0  28.0  29.0  29.5  30.5 
z  computed .  11.5    17.2    20.8    23.4    25.4    27.0    27.9    28.8    29.6    29.9 

The  agreement  is  therefore  almost  perfect.    D'Etroyat's  observations 
give  for  —  the  value  13.7  millimeters  of  mercury,  or  460  feet  of  aii; 

Taylor's  observations  give  440  feet  of  air.  From  these  it  follows  tbat 
V=  120  feet  or  39  meters  and  117  feet  or  38  meters.  Since  tbe  velocity 
of  tbe  forward  progress  of  tbe  whirlwind  was  12  miles,  or  20  feet  per 
second,  therefore  must  tbe  greatest  velocity  of  the  wind  on  the  right 
aide  of  the  whirl,  where  tbe  rotatory  aud  the  progressive  movements  take 
place  in  tbe  same  directjon,  lie  cousidered  to  be  140  feet  or  45.5  meters; 
bnt  on  the  lelt  side,  where  tbe  Inverse  is  the  case,  it  becomes  100  feetor 
32.5  meters.  Yotx  =  H  the  equation  (1)  gives  in  onr  case  v  =  68  feet  as 
the  velocity  of  rotation  at  the  outer  limit  of  tbe  whirl.  This  would  give 
a  velocity  of  88  feet  on  tbo  right  and  48  feet  on  the  left-hand  side. 
Therefore  between  these  limits  ranged  tbe  velocity  of  tbo  wind  witbio 
tbe  cyclone  of  the  2l8t  August,  187 L. 
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ON  THE  RELATION  BETWEEN  BAROifETRIC  VARIATIONS 

AND  TBE  GENERAL  ATMOSPHERIC  CUERENTa 

Bt  Hr.  Prblik,  UiNiNa  Enoinrer  at  Tabbes. 


(1}  The  Laics  of  the  Winds  given  by  the  Synoptic  Weather  CharU. 

If  we  Btad;  tbe  synoptic  charts  tbat  tbe  Imperial  ObserrBtory  at  . 
Paris  faas  collected  in  the  "Atlas  of  the  General  Movements  of  the 
AtmoBpbere,"  we  are  struck  by  the  generality  of  a  fact  wbicb,  at  first 
tbongbt,  seems  contrary  to  the  \nva  of  mechanics.  Tbe  atmospheric 
carrents  never  move  in  n  direct  tine  from  tbe  region  of  bigb  barometric 
pressare  toward  the  region  of  low  pressure;  but,  according  to  tbe  nnmer- 
ons  observations  recorded  in  tbe  synoptic  charts,  tbe  direction  of  tbe 
wind  is  more  often  nearly  that  of  the  tangent  to  the  isobarometric 
corves.  One  might  conclade  from  this  that  the  variations  of  atmos- 
pheric pressure  have  little  or  no  influence  npon  the  direction  of  tho 
wind;  that  tbe  movements  of  the  terrestrial  atmosphere  are  regulated 
by  some  foreign  force,  which  has  no  relation  to  the  pressure  indicated 
by  the  barometer. 

However,  a  more  thorough  examination  of  tbe  synoptic  charts  enables 
US  to  recognize  a  certain  co-relation,  on  the  one  band,  between  tbe 
direction  of  tbe  atmospberio  currents  and  the  direction  of  tbe  baro- 
metric variations,  conuted  normally,  to  th»  current,  and,  on  the  other 
band,  bettreen  tbe  force  of  the  wind  and  tbe  rapidity  of  this  transverse 
vaiiation  of  tbe  pressure.  For  tbe  sake  of  clearness,  let  us  personify 
tbe  wind,  and  suppose  tbat  Eolus  fiices  always  toward  the  point  of  the 
horizon  toward  which  he  blows.  We  shall  perceive,  in  the  first  place» 
that  in  tbe  synoptic  charts  the  high  barometric  pressures  are  always  on 
his  ri^'bt  band,  and  tbe  low  pressures  on  bis  left  band.  In  the  second 
place,  we  shall  see  that  when  tbe  synoptic  chart  shows  regular  and  vio- 
lent winds  over  a  certain  extent  of  country,  the  isobars  cross  over  this 
region,  and  traverse  it  in  parallel  lines  close  together. 

According  to  the  examination  that  we  have  been  able  to  make  of  the 
published  synoptic  charts,  tbe  preceding  laws  are  very  general,  and 
can  be  safely  applied  to  tbe  whole  temperate  zone  of  our  hemisphere; 
they  are  a  simple  extension  of  known  laws  of  the  movements  of  the  air 
in  cyclones  and  tempests.  We  shall  now  seek  to  give  their  explana- 
tion nccoiding  to  the  principles  of  mechanics. 

(2)  ilechanical  Conditions  of  the  Existence  of  an  Atmo^heric  Current. 

I  assume  tbiit  some  cause  initiates  in  our  hemisphere  a  general 
atmospheric  current;  that  is  to  say,  a  carrent  of  air  following  a  con- 
etant  direction  over  a  large  extent  of  country.    I  will  now  seek  the 
30  s  /-I 
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conditions  that  the  constitntion  of  the  atmosphere  imposes  in  order 
that  this  carrent  may  be  maintained  for  an  indefinite  length  of  time, 
and  in  order  that  the  diurnal  rotation  of  the  earth  shall  not  modify  the 
direction  which  the  carrent  has  at  the  surface  of  the  globe.  I^et  A  h« 
one  of  the  points  of  tlie  regiob  over  which  the  atmospheric  current  pre- 
vails. Let  B  A  be  the  direction  of  the  enrrent,  V  the  velocity  with 
which  the  air  moves.  Let  A  y  be  the  meridian  of  the  point  A;  A  £  the 
iwrpendicalar  to  A  y,  or  the  tangent  to  the  parallel  through  the  point  A 

Let  us  represent  by  X  the  latitndo  of  the  point  A,  and  by  n  =       * 

■  the  angular  velocity  of  the  diurnal  rotation  of  the  earth.  The  carve 
really  described  iu  space  by  a  i>article  of  air  is  obtained  by  compound- 
ing the  apparent  movement  of  this  particle  on  the  surface  of  the  earth; 
that  is  to  say,  the  translation  corresponding  to  the  velocity  of  the  enr- 
rent, with  the  movement  of  the  terrestrial  surface,  or  the  translation 
corresponding  to  the  diurnal  rotation. 

I  decompose  the  diurnal  rotation  into  two  component  rotations,  the 
first  having  for  its  axis  that  radius  of  the  earth  whtoh  passes  through 
the  jwint  A,  the  second  having  for  its  axis  the  terrestrial  radius  perpen- 
dicular thereto  and  in  the  plane  of  the  meridian  of  the  point  A.  Tbe 
angular  velocities  of  these  component  rotations  will  be,  for  tbe  first, 
Si  sin  I,  and  for  tbe  second  £i  cos  i. 

Let  us  first  consider  the  effect  of  tbe  first  rotatiou.  The  apparent 
trajectory  of  the  particle  of  air  which  passes  by  A  being  the  tine  A  P, 
the  real  trajectory  will  be  a  curve  A  M,  determined  in  polar  co-ordinates 
by  the  equations  A  M  =  A  P  =  T  f.  AnglePAM  =  Q  (sin  A,  where  t  is 
the  time  employed  by  the  particle  of  air  in  describing  [he  arc  A  M. 

The  trajectory  described  is  a  curve.  Consequently  the  particle  of  air 
is  subject  to  tbe  action  of  a  force  whose  value  depends  upon  tbe  corva- 
ture  of  tbe  tr^ectory,  and  is  easy  to  calculate  accoiMling  to  the  princi- 
ples of  mechanics. 

The  tangent  to  the  trajectory  at  A  is  A  P,  for  tbe  limit  of  the  angle 
P  A  M  is  0  for  {  =  0.  Tbe  velocity  at  A  is  V,  for  this  velocity  is  tlie 
limit  of  the  ratio  of  the  arc  A  M,  or  of  the  chord  A  M  =  Y  f,  to  the  time 
t  required  to  describe  it.  Consequently,  the  effect  of  the  force  that  ve 
desire  to  calculate,  acting  through  tbe  time  t  upon  the  iMUticle  of  air, 
is  to  produce  a  deviation,  represented  iu  our  figure  by  the  line  P  U. 
Let  m  be  tbe  mass  of  tbe  particle  of  air  and  m  F  tbe  force  that  acts 
upon  it.    We  shall,  according  to  mechanical  principles,  have 

PM-J?.|", 
She  figure  gives  us  the  geometrical  relation 

PM=AM.2.sln  ^L^Y 

PM=2F(Biui 


,  a  taiaX 
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Comparing  then  valnea,  and  passiDg  to  the  limit  b;  makLog  t  dimio- 
i«h  to  zero,  we  ahalt  obtain,  for  tlte  valn«  of  tbe  force  F, 
F=2VaBiaH. 

Ab  to  tbe  direetioa  of  tbe  fbrce,  tt  la  that  of  tbe  deviation  P  M  per- 
pendlootar  to  tbe  line  biaectinff  tbe  angle  P  A  AC,  and  paasing  to  tbe 
limit  we  obtain  a  direction  A  F  perpendicniar  to  A  P,  or  the  direction 
of  tbe  cnrrent  at  the  point  A. 

Tbe  force  «t  F,  whose  direction  and  value  we  bave  determined,  is  that 
Icnown  In  mechanicA  as  a  composite  CMitrifngal  force.  We  will  now 
apply  to  onr  epedal  case  the  general  theory,  by  means  of  which  we  pass 
fVom  forces  of  apparent  nwremeot  to  real  forces. 

We  will  now  determine  tbe  effect  of  rotation  aboat  tbe  terreatrial 
radins  paestng  throngb  tbe  point  A.  The  second  rotfttion,  that  which 
takes  place  about  the  radios  perpendicular  thereto,  will' give  to  tbe  real 
trajeetory  a  new  curvature,  and  consequently  we  should  have  to  con- 
cinde  tbe  existence  of  a  new  corresponding  force;  but  this  second  com- 
posite centrifagal  force  is  feeble  relatively  to  the  first,  and  does  not 
seem  to  manifest  itself  in  existing  meteorological  observations.  In  order 
to  simplify  oar  formulas,  we  shall,  in  what  follows,  neglect  it  as.  being 
iDseneible. 

A  calculation  analogous  to  tbat  which  precedes  shows  that  if  tbe  air 
moves  parallel  to  the  terrestrial  surface,  or  if  the  level  of  tbe  particle  of 
the  air  in  does  not  vary,  tbe  second  composite  centrifugal  force  is  ver- 
tical and  has  for  its  value 

2  m  F  sin  7  £i  cos  X 
{^  being  the  angle  that  the  velocity  V  makes  with  tbe  meridian). 

This  force  baving  the  same  direction  as  the  force  of  gravity,  and  ex- 
tremely feeble  in  comparison  with  it,  should  exert  an  influence  propor- 
tional to  its  valae.  We  do  not  think  its  effects  can  be  clearly  distin- 
guished from  those  of  tbe  weight  of  the  sir.  When  the  air  is  animated 
by  an  asoeudiag  or  descending  movement,  such  that  the  velocity  V  of 

dr 
tbe  particle  m  hag  a  vertical  component  ^s  t  the  composite  centrifugal 

force  that  we  are  studying  has  a  second  component 

2m-7T  Si  COB.1, 
at 

which  is  horizontal  and  perpendicular  to  tlie  meridian.  It  is  possible 
that  this  second  component  im>dnces  some  appreciable  effects  in  meteor- 
ological phenomena  when  the  vertical  movements  of  the  air  become  im- 
portant, as,  for  example,  in  storms  and  hurricanes.* 

*  Note  DT  THB  Tramslatob. — It  will  be  peroelved  that  to  these  foimuliBPesIin  treats 
of  tb«  rotation  of  the  earth  to  tbe  neglect  of  tbe  rotation  of  Btorm-wiods  ai>oat  tbeit 
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(3)   The  Law?  of  Variation  0/  Barometrie  Freasure  within  Atntotphme 
Cvrrenta. 

We  sball  shon  tbat  when  any  region  of  the  eaitfa  is  traversed  by  a 
general  attnospberio  cnirent  wbicb  preserves  its  direction  notwithstand- 
ing the  diurnal  rotation,  one  can  conclade  with  oertaiuty  as  to  the  ex- 
istence of  horizontal  forces  perpendicular  to  the  direction  of  the  carreut 
and  aBecting  every  particle  that  is  in  motion. 

The  forces  wbioh  can  affect  any  particle  of  the  earth's  atmosphere  may 
be  divided  into  two  classes;  First,  the  internal  forces,  or  those  exerted 
by  ntighboring  particles — in  other  words,  the  presanre;  second,  the  ex- 
ternal forces,  or  those  exerted  by  exterior  bodies.  Tlie  external  forces 
can  be  reduced  to,  first,  the  attraction  exerted  by  the  earth,  or  the 
weight  of  the  particle;  and,  second,  the  action  of  the  solar  heat.  Bat 
even  this  last  is  not  a  force,  properly  so-called,  for  it  does  not  tend  to 
displace  the  particle  of  air  or  make  it  to  move  in  one  direction  rather 
than  the  opposite.  Its  only  direct  effect  is  a  variation  of  the  internal 
living  force,  and  consequently  of  the  density. 

If,  then,  I  neglect  the  problematic  influence  of  the  moon  and  of  other 
celestial  bodies,  and  if,  moreover,  I  expressly  leave  out  of  consideration 
the  forces  due  to  atmospheric  electricity,  I  sball  find  no  exterior  force 
tbat  has  a  horizontal  component.  There  will  remain  then  to  me,  in 
order  to  take  account  of  the  forces  m  F  which  solicit  the  particles  of  the 
current,  only  the  variations  of  atmospheric  pressure  in  a  horizontal  direc- 
tion. 

Let  us  imagine  a  parallelopipedon  cut  from  the  mass  of  moving  air, 
and  having  a  base  whose  surface  is  8,  in  a  vertical  plane  parallel  to  tb« 
direction  of  the  current,  and  a  height  eqoal  to  Jr.  The  volume  of  the 
parallelopipedon  will  be  8  Ar,  and  the  total  mass  of  particles  of  air 

which itcontainsJlf^  ~  S  Jr  (where />  is  the  density  of  the  air,  and 

g  =  O'-.SOSS  is  the  value  of  gravity. 

The  forces  exerted  upon  the  mass  M  due  to  the  particles  of  the  sor- 
rounding  Quid  have,  for  resultants,  pressures  upon  the  faces  of  the  par- 
allelopipedon. As  these  pressures  are  normal  to  the  faces  opon  which 
they  act,  the  pressures  upon  tbo  horizontal  faces  and  upon  the  vertical 
faces  normal  to  the  direction  of  the  current  give  no  components  having 
the  direction  of  the  forces  m  F.  We  have  then  to  take  account  only  of 
the  pressures?  and  j>  +  Jp  exerted  upon  the  two  vertical  bases  of  tbe 
surttice  S;  and  recollecting  that  tbe  resultant  of  all  the  forces  mi"  wliicli 
affect  the  particles  contained  in  tbe  parallelopipedon  ought  to  be  equi- 
valent to  thedifierence  between  these  two  pressures  in  opposite  directiou><, 
we  shall  have  the  equation* 

'  Tbo  theory  tbat  we  shall  hero  develop  ia  order  t< 
identically  (be  same  as  that  which,  Id  mechnnics,  Beri 
eqaation  of  the  motion  of  flalda. 
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whence,  sabstitntiDg  the  valae  of  M  and  dividing  by  S, 

We  can  also  replace  F  by  its  value  determined  previoasly,  and  tbe 
formula  then  becomes 

Jo  =  —  -^  •  2  V-  a  sink  Jr. 
P 

(4)  Application  to  the  Bynoptical  Charts. 

It  is  easy  to  apply  these  theories  to  atmospheric  currents,  and  to  show 
that  tbey  give  the  same  laws  that  we  have  deduced  from  the  examina- 
tion of  synoptic  charts. 

The  forces  m  F  have  no  componeots  in  the  direction  of  the  corrcot  j 
consequently,  the  pressare  ought  not  to  vary  in  this  direction  :  in  other 
words,  the  direction  of  the  wind  ought  to  be  tangent  to  the  curve  of 
eqoal  barometric  pressare.  The  direction  in  which  the  pressure 
increases  transversely  to  tbe  currant  is  opposite  to  that  of  the  forces 
nt  F.  It  should  change  when  the  direction  of  the  current  changes ;  and 
in  our  hemisphere,  considering  the  direction  of  the  terrestrial  rotation, 
we  recognize  by  the  examination  of  the  figure  which  gives  the  force  F 
that  the  highest  pressure  should  always,  on  the  synoptic  chart,  be  to 

the  right  of  the  current.    Finally,  the  coefficient  -^  which  measures  the 

rapidity  of  the  transverse  variation  of  the  pressure  increases  propor- 
tionally to  the  force  Fi  that  is  to  say,  increases  on  the  one  hand  as  the 
velocity  T''of  the  moving  air,  and,  on  tho  other  hand,  increases  in  pro- 
portion to  th«  sine  of  tbe  latitude  of  the  region  nnder  consideration.  If 
any  region  of  the  earth  is  traversed  by  a  violent  atmospheric  current, 
the  corves  of  equal  barometric  pressure  ought,  in  traversing  this  region, 
to  draw  closely  together,  and  so  much  the  more  for  a  given  violence  of 
the  wind  in  proportion  as  the  region  is  further  removed  from  the  equa- 
tor. 

(5)  Extension  to  tlie  Case  of  Rotatory  Movements. 

These  laws  are  those  that  relate  to  atmospberio  currents  of  constant 
direction  and  intensity  ;  when  the  movement  of  tbe  air  is  not  rectilinear, 
these  cease  to  be  rigorously  applicable.  It  is  necessary  then  to  com> 
bine  the  composite  centrifugal  force  with  the  forces  which  correspond 
to  tbe  apparent  movements  of  the  particle  of  air.    These  forces  are : 

m  -sf  in  the  direction  of  the  current,  and  m-j^  Jd  a  direction  normal  to 
the  carrent,  R  being  tbe  radius  of  the  curvature  of  the  a[)paient 
trajectory.  Consequently  tbe  formulte  which  give  the  variation  of 
barometrie  pressure  become 

dp      _p    rfF. 

da™     g'  dl  ' 
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Xhese  are  the  fonuolte  which  OQght  to  be  applIoaUe  io  Btadyiug  tbe 
rotatory  movemeots  of  the  air  io  cjclooes  and  stormB.  We  have  already 
stated,  at  the  beginDiag  of  this  memoir,  that  tbe  laws  which  we  have 
previoDsly  enaDciated  apply  to  the  movements  of  tbe  air  in  tempeau, 
and  that  they  have  been  already  recogDized  and  formnlated  by  nameroH 
observers.  We  must,  then,  coaclade  that,  even  in  meteorological  phe- 
DOmeDa,  where  tbe  apparent  movement  of  the  air  is  most  irregular  and 
violent,  the  composite  ceotrifugal  force  retains  a  prepooderatiDg  infla- 
enco,  SQch  that  the  variations  of  barometric  pressure  are  controlled 
principally  by  this  force,  according  to  tbe  laws  that  we  have  developed. 

Batif  oar  formulae  give  the  laws  of  tempests  as  a  particalar  case,  it  ib 
important  to  remark  that  they  are  more  general  still,  and  that  they  are 
applicable  to  all  tbe  movements  of  the  air  in  oar  hemisphere.  It  is  not 
necessary  that  there  shoald  be  a  storm  (that  is  to  say,  a  rotator;  move- 
ment of  theatmosphere  accompanied  by  rain)  in  order  that  the  direction 
of  the  winds  should  obey  the  preceding  rales.  Every  terrestrial  region 
where  a  barometric  depressioa  ia  produced  will  be  surrounded  by  winds 
circulating  in  a  direction  opposite  to  that  of  the  hands  of  a  watch ;  and 
conversely,  if  the  barometric  pressure  !s  high  over  any  region,  the  winds 
prevailing  upon  the  borders  of  this  region  will  circulate  in  the  same 
direction  aa  the  bands  of  a  watch.  It  is  only  necessary  to  glance  upon 
the  synoptic  charts  in  order  to  ascertain  how  folly  these  rales  as  to  tbe 
direction  of  the  winds  are  confirmed  by  the  observations  that  are  tbeiein 
presented. 

(6)  Explanation  of  tko  Variation  of  Baromeirie  Pretmre  with  the  Latitudt. 

Our  theory  permits  ns  to  give  an  esptanatioo  of  some  of  the  facti, 
generally  accepted,  relative  to  the  variations  of  barometne  piessnre 
upon  tbe  surface  of  tbe  earth. 

The  barometric  pressure  reduced  to  the  level  of  the  sea  is  not  con- 
stant, but  varies  with  the  latitude.  Its  meao  value  at  the  equator  b) 
abont  758  millimeters.  It  increases  from  the  equator  to  a  parallel  be- 
tween 30°  and  40o,  and  there  attains  a  maximum  value  of  7C2  to  76t 
millimeters.  If  we  proceed  to  higher  latitudes,  tbe  pressure  diminisbes. 
and  in  the  polar  regions  it  is  probably  less  than  756  millimeters.*  This 
variation  of  pressure  with  latitude  is  also  easily  confirmed  by  the  sya- 
optio  charts.  On  each  cbart  we  see  designated  a  region  of  iiigb  pressnie 
whose  center  is  generally  in  the  middle  of  tbe  Atlantic  near  tbe  parallel 
of  3(K>.  Tbe  pressure  at  the  center  often  attains  776  millimeters,  and 
sometimes  780.  The  winds  are  feeble  near  tbe  center,  but  on  the  borders 
of  this  region  tbey  become  stronger.  On  tbe  east  and  Bonth  borden, 
they  blow  fh>m  points  of  the  compass  comprised  between  north  and  east, 
and  constitute  tbe  trade-wiuds.  On  tbe  uorthem  border,  the  winds btor 
very  generally  from  tbe  west,  and  are  connected  with  the  anti-trade 
currents. 

'  Kiiiutz'a  Ueleorolugia,  Martin'* n<liIloD,jt.  ^^^(-ti^gli' 
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Aooonliog  to  oar  theory,  the  eziateoce  of  these  wiodg  on  these  bordera 
aaffieea  to  explain  the  high  pressare  that  is  experienced  Id  the  central 
reglo&s;  it  seems  to  as,  then,  very  probable  that  the  variation  of  the 
prossnre  with  latitude  ought  to  be  attrlbated  to  the  permanent  carrents 
that  the  earth's  atmosphere  piesenta.  The  pressnre  should  increase 
t^en  fh>m  the  eqoator  to  the  parallel  of  30°  in  the  whole  region  where 
the  trfMle-winds  of  the  eqnatorial  zone  prevail;  it  should  decrease  from 
the  paralW  of  iO°  to  the  pole  over  the  whole  region  where  the  retnrn 
onnent  or  the  oootra-tracle  of  the  temperate  zone  preralls. 

It  is  on  the  parallel  where  the  interchange  is  made  of  the  second  cor- 
root  for  the  first  that  the  pressnre  attains  its  maximum  value. 

(?)  ^Explanation  of  the  Increase  of  the  Monthly  OuHUationa  of  (he  Baroiue- 
terfrom  the  Equator  to  the  Pole. 

One  of  the  most  prominent  facts  that  is  presentett  by  the  observation 
of  the  barometer  is  the  rapid  increase  of  the  irregular  oscillations  in 
proportion  as  we  go  away  from  the  equator.  The  difference  of  the 
monthly  extremes,  which  at  the  equator  scarcely  surpasses  on  the 
average  two  or  three  millimeters,  is  ten  millimeters  at  the  parallel  of 
30°,  and  becomes  thirty  and  even  forty  millimeters  in  the  polar  regions.* 
This  enormous  variation  of  the  monthly  barometrio  oscillation  was  indi- 
cated a  long  time  ago  by  De  Sanssure,  who  has  said  that  any  hypothe- 
sis destined  to  explain  the  barometrio  oscillations  ought  first  of  all  to 
take  account  of  their  increase  with  the  latitude.  Let  us  see  if  our  theory 
gives  any  satisfiaction  as  to  this  point. 

In  the  formala  which  gives  the  transverse  barometric  variation  for 
an  atmospheric  current  of  the  velocity  F,  and  which  is 

^  =  -2^rOsina, 

Jr  g  ^ 

the  sine  of  the  latitude  entfirs  aa  a  factor.  An  atmospberio  corrent  of 
constant  intensity  produces,  then,  on  its  borders  variations  of  barometric 
pressnre  which  are  very  unequal,  according  as  it  is  develojied  near  tbe 
pole,  or  near  the  equator.  If  we  represent  by  unity  tbe  variation  of  the 
barometer  in  the  polar  regions,  it  becomes  0.71  at  the  latitude  of  45°, 
0.50  at  the  latitude  of  30°,  and  0.2<>  at  tbe  latitude  of  15o. 

Ijet  us  apply  to  the  numbers  cited  by  Kamtz  a  correction  for  tbe  lati- 
tude calculated  according  to  these  considerations;  in  other  words,  let 
as  divide  by  sin  i  the  monthly  oscillation  of  tbe  barometer  in  order  to 
reduce  it  to  that  which  would  have  been  produced  st  tbe  pole  of  the 
earth  by  a  current  of  the  same  intensity.  We  shall  obtain  a  series  of 
nnmbers  which  increase  with  the  latitude,  but  in  a  much  less  rapid 
degree  than  previously.  Tbe  monthly  oscillations  reduced  to  the  pole 
become  ten  to  fifleen  millimeters  for  the  eqnatorial  regions,  twenty 
millimeters  for  the  parallel  of  30°,  and  tbirty-flve  to  forty  millimeters 
for  tbe  polar  regions. 


■  Eaintz,  MeteoTologie,  p.  2&1 . 
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It  remains  to  be  sbown  vbetber  the  irregalar  atmospheriu  oarrentB 
and  storms  wLich  prodnce  in  eacb  montb  tbe  extreme  variations  of  tin 
barometer  increase  in  intensity  with  tbe  latitude ;  wbetber  tbis  intensity 
doubles  as  we  pass  from  equatorial  regions  to  temperate  zones  and 
trebles  wben  ve  pass  to  tbe  polar  regions. 

A  precise  verification  cannot  be  made  at  present  We  possess  no 
direct  obsen'atioos  upon  tbe  meou  velocity  of  tbe  atmospheric  cnrreuts 
in  different  latitudes;  bat  we  can  assert  that  the  ratios  of  tbe  intensities 
to  which  onr  theory  leads  us  do  not  differ  very  mncb  from  tbe  reality.  It 
is  well  ei-tablisbed  that,  an  tbe  regular  wioda  diminisb,  tbe  fregaeocy  and 
tbe  violence  of  tbe  irregular  curreniis  nod  of  the  tempests  increase  in  pn> 
iwrtioo  as  we  depart  from  the  equator.  Tbe  reason  would  seem  to  be 
that  indicated  byKamtz.*  Thcflrstoinseofevery  cnrrentiu  onr  atmos- 
phere is  an  irregtilarity  of  teuiperature.  Ifow,  in  proportion  as  we 
proceed  iVom  the  pole  toward  the  equator,  the  tbermometric  variation 
for  any  change  in  latitude  becomes  more  rapid;  tbe  distribution  of  tem- 
perature upon  the  same  parallel  becomes  more  irregular.  In  genera), 
we  tbink  it  certain  that  our  formula  suffices  to  explain  the  enormoos 
variation  of  the  monthly  barometric  oscillation  as  one  i>86se8  from  the 
equatorial  to  the  polar  regions. 

(8)     OalcKlation  of  the   Veloeity  of  Hie   Wind  from  the  Variathtu  of 
Sarometrio  Pressure, 

The  relation  that  we  have  found  between  the  velocity  of  the  air  id 
any  atmoapberio  current  and  the  variatton  of  barometric  pressure  in  a 
direction  transverse  thereto  should  permit  us,  inversely,  to  calculate  the 
velocity  of  the  air  when  we  know  the  law  of  the  variation  of  the 
pressures.  Tbe  synoptic  charts,  by  giving  us  for  every  day  the  law  of 
tbe  distribution  of  pressure  over  a  certain  regiou  of  tbe  earth,  enable  ns 
to  deduce  tbe  mean  velocity  that  should  be  presented  by  tbe  atmospheric 
currents  prevailing  over  tbis  region.  To  this  end  it  suffi<«s  to  resoke 
the  equation 

Jp  =  —  2  ^  F  n  sin  A  Jr 
9 
with  reference  to  tbe  velocity  F  considered  as  an  unkuown  quantity: 
thus  we  obtain 

'Jp  Ei  siu.tjti* 
In  tbe  synoptic  charts  the  isobars  are  traced  for  pressures  differing 
by  five  millimeters.  For  tbe  value  of  tbe  arbitrary  distance  Jr,  I  take 
tbe  distance  of  the  two  isobars  which  Include  the  jwint  under  considera- 
tion. The  corresponding  value  of  Jp  would  be  equivalent  to  a  height 
of  0  millioieters  of  mercury,  and  we  consequently  have 
Jp_  O°.O05  X  13.596 


0.001203  X 


OiTBtJ      l  +  a( 
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(where  j>  is  th»  pressure  aod  t  the  temperataie  of  the  air  whose  density 
ia  represented  by  />). 

Upou  the  syDoptic  chart,  the  oataral  anit  of  length  is  the  degree  of 
the  meridian,  which  is  represeoted  at  any  poiot  by  the  distance  between 
the  lines  corresponding  to  the  terrestrial  parallels.  I  will  call  t  tlie 
valne  of  the  distance  Jr  expressed  in  this  noit.  As  our  formula  sap- 
posea  that  the  meter  is  taken  as  the  unit  of  length,  the  value  of  Jr  that 
we  shall  use  will  b« 

0000-    . 


Jr  = 


tfO 


[90°  of  tbe  meridian  of  the  earth  are  equivalent  to  10,000,COO  meters}. 
We  bare,  finally, 


g  =  9''.8088;  R  = 


_  3  X  3.1416 


"««4O0  OWOU 

After  ell  snbstitntions  have  been  made,  tbe  formala  which  gives  the 
value  of  V  becomes 

0.005  X  13.596  x  0.8088  x  86400  x  90    „  0.760  ^  1+^ . 
d  sin  ^ ' 


^=o 


r=31".91x^ 


2  X  0.001293  X  2  X  3.1410  x  lOOOU  000  ^ 
whence,  by  making  the  calculations  as  indicated, 
0-.760  ^1  +  at 
p  d  sin  i ' 

In  this  formula,  there  enter  four  elements— the  barometric  pressure  p, 
the  temperature  t,  the  distance  of  the  isobars  i,  and  the  latitude  X ;  but 
tbe  daily  variations  of  the  two  first  elements  exert  only  a  feeble  influ- 
ence, which  may  be  neglected  in  a  first  approximation.  The  pressure^} 
in  the  synoptic  chart  has  reference  to  tbe  level  of  the  sea,  and  vi>ries 
between  the  limits  716  and  785  millimeters ;  consequently,  the  factor 
0.760  remains  always  comprised  twtween  the  limits  0.007  and  1.06.  As 
to  the  temperature  t,  its  variatiooa  have  a  greater  importance ;  but,  as 
they  are  not  given  upon  the  synoptic  charts,*  we  are  obliged  to  neglect 
its  daily  variation,  and  can  take  acconot  only  of  tbe  mean  temperatures. 
In  order  to  simplify  the  matter,  we  have  assumed  that  this  mean  tem- 
perature, supposed  to  be  reduced  to  the  level  of  the  sea,  depends  only 
upon  tbe  latitude  X,  and  we  have  formed  a  table  of  doable  entry  giving 
the  valnes  of  the  velocity  V  corresponding  to  various  values  of  X  and  d. 
This  table  bas  been  formed  especially  in  reference  to  the  zone  covered 
by  the  synoptic  charts,  that  is  to  say,  the  regions  of  the  Korth  Atlantic 
ond  of  Western  Enrope  comprised  betw  een  the  parallels  of  30<^  and  60° 
of  north  latitude. 
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The  apptioation  of  this  table  to  th«  synoptic  oharto  is  easy,  Thtu,  let 
DB  suppose  that  we  are  studying  the  charts  of  the  last  ten  days  of  Jane, 
1864,  and  that  we  desire  to  find  the  averse  force  of  the  trade-wind 
which,  during  those  days,  prevailed  apoa  the  Atlaotlo  along  the  coast 
of  Por'^^ogal.  By  comparing  the  barometric  pressores  noted  by  tbe  dif- 
ferent ships  that  passed  out  a  short  distance  fh>m  this  coast  with  tbe 
pressores  observed  at  Lisbon,  which  remained  very  nearly  constant  dnr- 
ing  the  ten  days,  we  find  for  i  very  accordant  values,  varying  only 
between  3.0  and  4.0.  The  latitude  is  40°  oortb,  since  tbe  parallel  of  i<fi 
cuts  tbe  coast  of  Portugal  between  Lisbou  and  Oporto.  Prom  this  we 
coQclnde,  by  meaos  of  tbe  above  table,  that  the  force  of  tbe  wind  moat 
have  varied  between  13  and  17  meters  per  second,  and  that  its  meaa 
value  was  very  nearly  15  meters  per  second. 

Let  us  take  a  second,  more  complicated  example,  that  of  a  wliiriing 
movement  of  tbe  air.  The  synoptic  chart  of  tbe  14th  of  Jaonary,  18C», 
shows  that  00  this  day  a  storm  raged  npon  the  coasts  of  France  and 
England.  Let  us  seek  the  foroe  of  the  wind  whitdi  blew  over  tbe  cen- 
ter of  France,  between  Paris  and  Bordeaux.  The  barometric  pressure 
at  S  o'clock  iu  the  morning  was  733.0  millimeters  at  Paris  and  753.C 
millimeters  at  Bordeaux  and  Toulouse.  The  diSerence,  15.0  millimeters, 
corresponds  to  a  distance  which,  reduced  normally  to  tbe  direction  of 
tbe  attnospberic  current,  is  4^.6  of  tbe  meridian. 

We  have,  then,  to  take  from  the  table  that  value  of  Y  which  corre- 
sponds to 

at  latitude  45°.  This  valne  is  7  s  31.6^  Such  would  be  tbe  foroe  of  the 
wind  if  the  atmospheric  current  were  [linearl],  bnt  as  the  air  in  the  atonn 
has  a  tnming  movement,  we  can  accept  this  figure  only  after  havmg 
applied  to  it  a  correction.  I  do  not  think  it  would  be  as^ol  to  enter  Into 
the  details  of  the  calculation  of  this  correctiou.  It  is  ouule  by  applying 
the  formula  that  we  have  given  for  the  taming  movement,  and  the  value 
of  the  correction  depends  essentially  on  the  ratio  of  the  oorvature  of  tbe 
tnyectory  [with  reference  to  tbe  distance  of  the  pmnt  oonsideced  as  tbe 
center  of  depressiou  about  which  tbe  wind  rotates]  and  tbe  velocity  of 
progres^n  of  the  center.  In  tbe  present  case,  the  valne  of  tbe  oorret 
tion  will  be  found  equal  to  5  or  6  meters,  and  we  are  led  to  adopt  tbe 
figure  20  meters  per  second  as  representing  tbe  average  fnve  of  tlifl 
wind  that  prevailed  between  Paris  aud  Bordeaux, 

The  synoptio  chart  gives,  indeed,  the  foroe  of  the  wind  at  every  point, 
but  the  sign  [sxt  figure]  representing  this  force  corresponds  to  an  indefi- 
nite epithet  which  cannot  be  translated  into  precise  figures.  We  oao, 
therefore,  not  verify  the  exactness  of  the  result  which  our  formula  gives 
for  the  force  of  the  wind ;  we  can  only  state  whether  there  exists  a  gen- 
eral accordance  between  the  results  of  the  oalcnlation  and  those  of  .the 
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observation ;  and  it  ia  eas;  to  assore  onraeWes  that  this  ia,  in  geoeral, 
very  Batistitctory. 

Bat  \ia  ought  not  to  conceal  tbe  fact  that  some  discordances  present 
themselves  when  we  enter  into  details ;  that  our  theory  does  not  explain 
certain  observations  of  the  force  and  direction  of  tbe  .nind  recorded 
in  the  atlas.  These  exceptional  focts,  it  seems  to  ns,  onght  to  be  ex- 
plained either  by  local  influences,  such  as  the  attraction  of  coasts,  of 
valleys,  of  mountains,  or  by  periodical  or  accidental  meteorological 
phenomena,  snch  as  tbe  morning  breezes,  gusts  of  wind,  thunder-storms, 
&C.  The  proportion  of  discordances  to  the  accordances  is  too  small  to 
throw  any  doubt  upon  tbe  exactness  of  the  theory, 

(d)  Afptioation  of  the  tatw  Theory  to  Oetan  Oumnta. 

I  will  terminate  this  memoir  by  an  application  which  does  not  directly 
refer  to  meteorological  phenomena,  but  which  has  a  certain  interest  iu 
reference  to  the  general  physics  of  the  globe.  Let  us  consider  a  grand 
ocean  cnrrent,  as  for  example,  the  Gulf  Stream  along  the  coast  of  Korth 
America.  A  particle  of  the  surface  moving  with  tbe  velocity  V  in  sub- 
ject to  two  forces :  gravitation,  a  vertical  force  whose  iutensity  is  in  g, 
and  the  composite  oentrifugal  force,  a  horizontal  force  whose  direction  is 
normal  to  that  of  the  current,  and  whose  iutensity  is  mFsSm  V  d  sin  it. 
In  order  that  tbe  particle  of  water  should  not  deviate,  but  continue  to 
progress  in  the  same  direction  with  tbe  same  velocity  V,  it  is  necessary 
that  the  free  surface  of  the  sea  should  be,  at  this  place,  not  horizontal 
bat  normal  to  tbe  resultant  of  tbe  forces  m  g  and  m  F ;  that  ia  to  say, 
that  in  a  section  taken  normal  to  the  direction  of  the  curreut  the  free 
Borface  presents  an  inclination,  Z,  to  the  horizontal  plane  whose  value 
■aUsfies  tbe  equation 

mg  g 

Thus,  in  tbe  same  way  that  the  trade-winds  and  the  antitrades  are 
the  cause  of  the  increase  in  the  barometric  pressure  toward  parallels  30°, 
in  precisely  the  same  way  tbe  Qalf  Stream,  which  reproduces  at  the  sur- 
fooe  of  the  sea  tbe  circulation  of  the  general  currents  of  the  atmosphere, 
gives  rise  to  an  elevation  of  the  level  of  the  sea  at  tbe  center  of  the 
Atlantic,  or  to  an  accnmnlation  of  water  in  tbe  region  about  which  the 
current  circulates.  Let  us  calculate  the  inclination  J  and  the  difierenee 
of  level  to  which  this  inclination  gives  rise. 

If  in  tbe  formula  which  gives  tang  /  are  substituted  the  values  of 

,  =  9..8(«8„d.tO=aii^», 
we  obtain 

whence — 

I  =  S".CI6  7  Bin  J. 
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This  inclination  I  is  very  feeble,  bat  as  tbe  breadth  L  of  the  cnrreiit 
of  tbe  Gulf  Stream  is  very  considerable,  thedifferenoe  of  level  between 
tbe  two  borders  of  tbe  oarrent  J  =  £  tangT  attains  a  coDsiderable  valae. 
Tbna,  let  os  take  as  the  base  of  our  calonlation  the  flgares  ^ven  b; 
Kumtz  in  bis  Meteorology,  or  those  published  more  recently  by  A.  D. 
Bacbe,  Soperintendent  of  the  United  States  Coast  Survey.  We  eboll 
find- 
First  At  tbe  latttade  of  2<P,  between  the  coasts  of  Florida  and  the 
Bahamas,  £  =  90  kilometers,  F  c:  3  to  4  nantical  miles  per  boai; 
whence  results  a  difference  of  level  of  from  l".©©  to  1".20. 

Second.  At  tbe  latitnde  of  33°,  between  Cape  Heolopen,  near  Charles- 
ton, and  the  Bermadas,  X  ==  230  kilometers,  7  =  2^  nautical  miles 
hourly ;  whence  results  a  difiereuce  of  level  of  2.40  meters. 

Third.  At  the  latitude  of  420  south  of  tbe  Banks  of  Newfoundland, 
near  tbe  point  where  the  current  turns  toward  the  east,  L  =  470  kilo- 
meters, V  =  1.6  nautical  miles  hourly ;  whence  we  calculate  tbe  differ- 
ence of  level  to  be  3.G0  meters. 

These  figures  are  probably  a  little  too  large;  the  velocity  of  tbe  car- 
rent  grows  feebler  on  its  borders,  and  tbe  inclination  of  the  surface  of 
tbe  sea  experiences  a  correspoDding  reduction.  But  after  all  correctioDS, 
these  data  remain  important,  and  we  are  forced  to  admit  that  the 
surface  of  the  sea,  even  in  an  ocean  as  open  as  tbe  Atlantic,  is  not 
ligoronsly  horizontal;  that  over  very  estended  regions  it  present! 
inclinations  that  can  amount  to  many  secbnds,  and  a  level  differing 
from  the  mean  level  of  the  sea  by  several  meters. 

We  know  that  tbe  operations  recently  conducted  for  a  general  level- 
ing of  France  have  indicated  differences  between  the  mean  levels  of  tbe 
sea  in  different  parts  of  tbe  Mediterranean  and  tbe  Atlantic.  It  is  pos- 
sible that  this  singular  result  ought  uot  to  be  attributed  simply  to  the 
complexity  of  tbe  calculations  and  the  observations,  but  that  it  may  be 
the  expression  of  a  general  fact,  and  that  this  fact  is  explained  in  psrt 
by  tbe  general  oceanic  currents  which  prevail  around  the  coast. 

(10)  Supplementary  Note. 

My  memoir  was  addressed  to  the  Academy  of  Sciences  of  Paris  in 
tbe  latter  part  of  I8C9.  Toward  tho  end  of  the  following  year,  we 
received  a  copy  of  the  "Atlas  of  Storms  of  the  Norwegian  Meteorologi- 
cal Institute"  that  Mr.  Mobn,  director  of  this  institute,  has  done  us  the 
honor  of  presenting  to  us,  and  where  we  find  tbe  following  lines  <« 
page  11; 

"  Tbe  force  of  the  wind  depends  on  the  magnitnde  of  the  variation  la 
the  pressnre  of  the  air  experienced  ftt>m  place  to  place  at  tbe  surfiace  of 
the  earth,  or  on  the  magnitnde  of  tbe  barometric  gradient.  Tbe  greater 
the  variation  of  pressure  from  one  place  to  another,  the  smaller  is  the 
gradient  and  the  stronger  is  the  wind. 

"  This  will  be  seen  upon  any  one  of  the  charts  of  this  atlas.    Ihe 
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more  the  isobars  are  crowded  together,  the  more  Damerons  ate  the 
pilings  of  the  wiud-arrows.  In  aa  earlier  initial  memoir,  eutitled  'On 
the  TbaDder-Storms  of  Norway  iu  18G8,*  I  have  attempted  a  determina- 
tioD  of  the  numerical  relatioo  between  the  magnitade  of  the  gradieut 
and  the  force  of  the  wind,  with  the  following  results: 

"gradient 20     30     40     50     60     70     BO     90     100      kllometen. 

"Forcaof  wiDd i3    3.9    3.1    3.3    1.S    3.0    1.S    l.S      1.4  on « eoale of 6. 

"  By  a  graphic  interpolation,  we  deduce  from  these  numbers  the  de- 
grees of  force  of  wind  on  the  scale  employed  and  the  corresponding 
barometric  gradients,  as  ia  shown  in  the  following  table.  The  approxi- 
mate velocity  of  the  wind,  expressed  in  kilometers,  per  hour,  which  cor- 
responds to  the  figures  of  the  scale  of  force,  are  also  added. 


FOTM  of  Wllld. 

Sourly  Trlocilj 

O/.lDd. 

CnHlknt. 

Over  100  kilo- 

'lO-70 
4— H 

Le     Ihun 

kllometork. 

"The  force  of  the  wind  depends  so  strongly  npoo  local  causes  that  a 
table  like  this  can  have  only  a  general  value.  We  cau  deduce  an 
inverse  ratio  between  the  gradient  and  the  vind-velocity,  such  that 
their  product  is  equal  to  14C0  (Barometrio  gradient  x  wind-velocity 
=  14C0).  On  the  sea,  the  force  of  the  wind  will  be  for  the  same  baro- 
metrio gradient  much  greater  than  ia  the  interior  country,  where  the 
wind  finds  far  more  impediments  to  its  movement  over  the  surface  of 
the  earth." 

We  see  that  Mohn,  iu  a  work  independent  of  oors  and  probably  an- 
terior thereto,  has  recognized  tbe  law  of  inverse  ratio  between  the 
velocity  of  the  wind  and  the  distance  of  the  isobars. 

Let  08  compare  the  numbers  resulting  from  his  observations  with 
those  that  our  theoretical  formula  gives.  Mohn  measures  the  velocity 
of  tbe  wind  in  kilometers  per  hour ;  we  have  taken  for  the  anit  tbe  me- 
ter and  the  second.    In  order  to  pass  from  these  latter  anits  to  tbe  first, 

the  coefScient  ?^^j^  =  3.60  is  to  be  osed. 

Tbe  barometric  gradient  is  defined  by  Mohu,  page  IS,  as  "tbe  number 
of  kilometers  that  it  is  necessary  to  go  in  the  direction  of  tbe  gradient 
iu  order  that  the  pressure  of  tbe  air  may  diminish  by  one  millimeter." 
Our  units  for  S  are  a  degree  of  the  meridian,  or  111  kilometers,  and  n 
barometric  variation  equal  to  live  kilometers.    Consequently,  tlie  value 

of  the  barometric  gradieut  is  -p-  3,  and  its  product  by  the  velocity  of 

the  wind,  3.G0  V,  in  our  system  of  units,  will  have  tbe  value 
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Our  tal^of  correapoDding  theoretical  Talaes of  'Csncl  B  gives  for  the 
latitade  of  Ghristiasia,  or  60°  nortb,  the  coiuitoBt  prodaet  Vi^SlA, 
whence  SOV i 3=  3000,  Mr.  Mohn  gives  as  the  resaltof  obeerratiocison 
the  force  of  the  wind  in  Norway  the  mean  piodHCt  80Vd  =  1460;  t^st 
is  to  say,  very  nearly  one-half  of  onr  tbeoretieal  resalt.  It  is  easy  to 
recognize  the  reason  of  the  a[^arent  discordance  of  these  two  resalu. 
Mobn,  tn  the  passage  that  we  have  cited,  says  tiiat  "  npon  the  sea  the 
force  of  the  wind  will  be,  for  the  same  gradienr,  £»  greater  than  in  the 
iDt«rior  of  the  coantry." 

It  is,  on  the  other  hand,  certain,  according  to  all  the  obs^vatiODB 
made  both  on  moantaiDS  and  in  balloons,  that  the  force  of  the  wind 
increases  coDsiderably  as  we  ascend  in  the  atmoephere.  And  Uiese  facts 
relative  to  atmospherio  correnta  conform  entirely  to  that  which  has  bew 
established  for  liqnid  oarrents :  the  velocity  at  the  base  or  near  the 
borders  is  notably  feebler  than  the  mean  velocity  of  the  corrent. 

There  is,  tben,  no  reason  for  surprise  that  the  velocities  observed  by 
Mohn  at  the  sarfaoe  of  the  earth  are  feebler  than  the  velocities  deduced 
from  our  theoretical  formula,  which  shonld  give  ns  the  mean  velocities 
of  the  atmospherio  carrents.  The  flgnres  that  he  cites  show  that,  in 
order  to  pass  from  the  Iatt«r  to  the  former  or  fh>m  the  tbeoretieal  to  the 
observed  Telocities,  it  is  necessary  to  apply  a  coefficient  of  reduction, 
which  is  0.40  for  the  smaller  relociticB,  and  which,  increasing  tn  pro- 
portion as  the  velocity  Increases,  can  become  0.60  for  the  very  greatest 
velocities. 
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